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ABSTRACT 
The present work deals with the Species composition and biology of ladybeetles 
(Coccinellidae: Coleoptera) with their predation on aphids in Kashnnir, J&K, India. 
Majority of ladybeetles are predaceous on injurious insect pest including aphids, 
scale insects, thirps etc. These insect pests are found economically important 
because these cause a big loss to agricultural and horticultural crop produces in 
this region of world (Kashmir India). In pre*sent age, the trend remained to control 
the pests with the natiiral/:ontrol methods. To control these soft bodied insects, 
primier study of pests ait l predators was yeryjmportant, for this, the present 
work has been basically diviJlesLifi*|;^ .*Th!Jee-Parts i.e, i) Diversity of predaceous 
coccinellids in five different districts, ii) Biology of predominant ladybird beetle 
species found in Kashmir and ill) Predation potential of predominant ladybird 
beetles species. To initiate a biological control programme against a particular 
pest or group of pests, first and foremost prerequisite is the proper identification 
and ascertainment of the place of origin of the pest itself and those of the 
associated natural enemies. 
Two types of crops ecosystems viz, cruciferous and leguminous were studied for 
two consecutive years in district Baramulla, Bandipora and Srinagar of Kashmir 
valley. From cruciferous crops knolkhol and mustard while as from leguminous 
crops beans and pea were chosen. These crops were chosen for the study 
because of their easily availability and economically important. 
The Kharief crops like knolkhol and beans and Rabi crops like mustard and pea 
were studied and samples were collected for two consecutive years i.e, 2008 and 
2009 from selected sites of above mentioned districts of the valley. 
Parameters of biodiversity viz, diversity of predacious coccinellids, relative 
abundance, seasonal variation were studied under species composition part of 
this work. Under second part of the work biology of Hippodamia variegata and 
Coccinella septempunctata, the two prominant ladybird beetles where studied In 
vivo. These two beetles were fed on freshly collected aphids like Aphis 
craccivora, Lipaphis erysimi and Brevicoryne brassicae to study the biology of 
the bettle species. 
To get the full details about life cycle (Biology) of the ladybettles, newly emerged 
adults were collected from the already mentioned areas and maintained in 
prescribed conditions in the laboratory. Readings/ Results were taken tor the 
followings: 
o Larval period. Pupil period 
o Larval survival (%) 
o Adult emergence (%) 
o Adult longevity 
o Oviposition period 
o Fecundity 
o Incubation period 
o Hatchability (%) and 
o statistical analysis. 
Predation potential of ladybird bettles on aphlds wre studied by monitoring their 
functional response when they were in 3rd and 4th larval instar stage or adult 
male or female. The larvae and adults were starved for 24 hours so as to know 
about their full preying response. All the three species of aphids viz, Aphis 
craccivora, Lipaphis erysimi and Brevicoryne brassicae were provided to the 
predators in seperate eight densities to evaluate their predation potential these 
treatments were repeated five times to accurately know the nature of functional 
response, attack rate and handling time reqired by the ladybird bettle. 
Eight species of predaceous coccinellids were found during field survey of 
selected places in three districts of Kashmir. The crucuferous crops supported 
more number of ladybettle species as compared to leguminous crops in which 
Adalia Tetraspilota, Hippodamia variegata and Coccinalla septempunctata were 
found prominant ones. 
Present work revealed that Brevicoryne brassicae were more suitable preys for 
the two predators. 
There is a change in the duration of larval period and pupil period on the basis of 
diet provided to the preadator (Aphid species). Shortest longevity of adults was 
noted on A. craccivora wliile it was tiigher on B. barssicae and L. erysimi. 
However female predator laid more eggs when fed on S. barssicae as compared 
to when fed on Lerysimi. 
It was found that both the predators consumed highest number of aphids, 
irrespective of the species, closely followed by the 4th instar larvae. 
It was also found that in a speculated period of time C. septempunctata 
consumed more number of prey individuals as compared to H. variegata. The 
coefficient of attack rate and handling time were the parameters used to find out 
the functional response of C. septempunctata and H. variegata using the 
modified Hooling's Disk equation. 
Adult emergence (%) 
Adult Percent emergence was worked out using the following formula: 
Number of adults emerged 
Adult emergence (%) = —-—; :— x 100 
Number of pupae used 
Larval survival (%) 
Per cent larval survival was worked out using the following formula: 
, , Number of pupae formed 
Larval survival (%) = ; - ^ x 100 
Number of 1st mstars used 
Based on the findings of the present study, the following conclusions are drawn: 
• The cruciferous and leguminous crop ecosystems support 8 species of 
predaceous coccinellids, both. 
• The cruciferous crops supported higher coccnellid populations as 
compared to leguminous crops. 
• Adalia tetraspilota, Hippodamia variegata and Coccinella septempunctata 
are predominant species of predaceous coccinellids In cruciferous and 
leguminous crop ecosystems ecosystems of Kaslimir. 
• Poluiation of coccnellids tends to rise towards IVIay to June and tlien 
declines. 
• All the three prey species viz., L erysimi, Brevicoryne brassicae and A. 
craccivora are essential preys for C. septempunctata and H. variegata, the 
first two more suitable. 
• Prey species has significant effect on the biological parameters of the 
aphidophagous coccinellid predators. 
• All the predatory stages of the two predators exhibit type II functional 
response to various densities of L. erysimi, B. brassicae and A. craccivora. 
• The adult females and 4**^  instar larvae exhibit the maximum predation 
rates. 
• The predatory stages of C. septempunctata perform better than those of 
H. variegata. 
• Adult females and fourth instar larvae of C. septempunctata are best at 
devouring A. craccivora patches. 
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CHAPTER -1 
INTRODUCTION 
Ladybeetles (Coccinellidae: Coleoptera) are amongst the most familiar and 
important groups of insects. Majority of them, excluding most of the 
members of the subfamily Epilachninae, are predaceous on injurious 
insects, viz. aphids, mealy bugs, scale insects, thrips, leaf hoppers, mites 
and other soft bodied insect pests of the agricultural and horticultural crops 
(Omkar and Parvez, 2000). The coccinellids are extremely diverse \r their 
habits. They live in all terrestrial ecosystems: tundra, forest, and grassland 
agroecosystems and from the plains to mountains (Skaife, 1979). 
Coccinellids are important predators in natural and agricultural habitats 
(Hodek and Honek, 1996). In agricultural habitats, coccinellids prey jpon 
many economically important pests, including aphids and soft bodied insects 
(Metcalf and Luckman, 1994). In natural areas, coccinellids check outbreaks 
of a variety of herbivores and many species of aphids (Stephens and Losey, 
2004). A perusal of the history of biological control reveals that the 
ladybeetle, Coccinella undecimpunctata Linneaus, was for the first rime 
imported to New Zealand from Britian in the year 1874 for the contrcl of 
aphid pests (Dixon, 2000). But the introduction of the vedalia beetle, Rodolia 
cardinalis Mulsant, from Australia to California in 1888 to control the cottony 
cushion scale, Icerya purchasi , which threatened the citrus industry is 
widely regarded the most successful case of biological pest control 
(Majerus, 1994). Since then the ladybeetles have been extensively studied 
and used in the classical biological control of various insect and acarine 
pests. 
To initiate a biological control programnne against a particular pest or group 
of pests, first and foremost prerequisite is the proper identification and 
ascertainment of the place of origin of the pest itself and those of the 
associated natural enemies. It is to be followed by a thorough study of 
biodiversity and population dynamics of the pests as well as their natural 
enemy complex (Bellows and Fisher, 1999). Study of biodiversity of the 
natural enemies serves three important purposes, which in turn determine 
the further course of action. These are a) identification of potential natural 
enemies that, after preliminary experimentation could be utilised in biological 
pest suppression, b) identification of gaps in the natural enemy complex in 
terms of bioagents lacking in a particular geographical area. It necessitates 
the usage of classical or neo-classical biocontrol approaches, c) 
identification of causes of ineffectiveness of natural enemies in situ that may 
due to their late arrival in the season or occurrence in low numbers that may 
be due to the hostile climate and crop husbandry techniques. Such situation 
beckons the augmentation of the natural enemy population through mass 
production and release methodology and/or conservation of existing natural 
enemies and encouragement of their population growth by modifying the 
farming system in their favour. Thus biodiversity forms the base of any 
biocontrol programme. 
The effectiveness of particular bioagent depends on various innate 
characteristics (biology, ecology, reproduction, predation potential etc) of the 
bioagent besides the prevailing environmental conditions. The success of 
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biological control agents is largely dependent on their high searching 
efficiency, host specificity and the low generation time ratio between the 
bioagent and the target pest species (De Bach, 1964; Dixon, 2000). 
Biology plays an important role in mass rearing of pest predators and their 
utilization in pest management programmes. Both classical and 
augmentative biocontrol necessitate the mass production of the natural 
enemies. The success or failure of a biological pest control programme is 
dependent on biological peculiarities of the bioagent to a large extent. 
Besides, biology can also be a reliable source for identification of the 
species as the biology and biometry of immature forms often aid in 
correlating the probable phylogeny of the groups. 
Life parameters such as growth and development, reproduction etc are at 
the beck and call of various biotic and abiotic environmental factors. What is 
seen is the outcome of the interplay between the genetic makeup and the 
prevailing environment. Among the biotic factors, food (quality and 
abundance) is perhaps the most influential factor (Jervis, Copeland and 
Harvey, 2005). As far as the predaceous coccinellids are concerned, the 
effect of prey species on life parameter has thoroughly been investigated. 
As such, prey are categorized into essential, alternative and rejected prey, 
on the basis of quantitative data on developmental parameters (rate of 
development, survival and reproductive capacity) (Hodek, 1962; Hodek and 
Honek, 1996). Coccinellid larvae need to consume several prey individuals 
during development, and each successive instar will show a maximum rate 
of growth and development at different levels of prey availability. Mortality 
due to nutritional stress apparently occurs at feeding rates very much higher 
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than the minimum rate necessary for growth and development, so that 
individuals that are growing normally at low feeding rates are apparently 
highly likely to suffer high mortality at the moult (Beddington et al., 1976b). 
Survival rates may vary between successive instars at comparable prey 
density. The relationship between larval survival and prey species has been 
most thoroughly investigated in coccinellid beetles (Hodek, 1973; Hemptinne 
et al., 2000; Wiebe and Obrycki, 2002; Ozder and Saglam, 2003).. At times 
the mortality is due to differences in consumption rate in relation to each 
prey species but more often the prey related difference in survival may be 
due to factors such as differences in the size or qualitative attributes of the 
prey species (Hodek, 1973). 
As one might expect, longevity is found to be shortest in the deprived 
females as they cannot satisfy their metabolic requirements for 
maintenance. Longevity is positively related to prey consumption rate in 
ovipositing Coccinella undecimpunctata bower a wide range of prey density 
(Ibrahim, 1955). In non-ovipositing predator females, longevity becomes a 
direct function of prey density only at low levels of prey density (Turnbow et 
al., 1978); the probable reason being the predators' maintenance 
requirements are fully satisfied at higher levels prey availability. Hodek 
(1973) reported that in predatory coccinellids, adult longevity is significantly 
affected by the prey species fed upon by the adult. 
When the ladybirds are fed on suitable prey, the pre-reproductive period 
gets shortened, while the consumption of less suitable food increases the 
non-reproductive phase. The effect of quality, as well as quantity, of food is 
also seen on fecundity and longevity. There is a linear relationship between 
the food consumed and longevity and fecundity of the ladybird. Linear 
relationship between longevity and fecundity suggests that longevity may be 
an important detenninant of fecundity. Prey availability and quality are 
perhaps the only biotic factors affecting dormancy in coccinellids. Seasonal 
variation in the availability of prey has been reported to have marked 
influence on the incidence of dormancy in coccinellids. Aestivation in 
Coccinella septumpunctata is stimulated by the availability of suitable prey, 
as well as by other factors (Kawauchi, 1985; Zaslavsky and Vagina, 1996). 
The functional response of a predator is a key factor regulating the 
population dynamics of predator-prey systems. It describes the rate at which 
a predator kills its prey at different prey densities and can thus determine the 
efficiency of a predator in regulating prey populations (Murdoch and Oaten 
1975). This is further supported by plotting the number of prey killed against 
the number of prey available and analyzing a continuum of patterns, which 
ecologists have delimited into three types (Holling 1959, 1965). The 
functional response curves may represent an increasing linear relationship 
(Type I), a decelerating curve (Type II), or a sigmoidal relationship (Type III). 
This could further be simplified in terms of density dependence. That is, they 
result in a constant (I), decreasing (II) and increasing (III) rate of prey killing 
and yield density dependent, negatively density dependent and positively 
density dependent prey mortality, respectively. Predators or parasitoids that 
impose positively density dependence prey mortality (Type III) are supposed 
to potentially manage the prey population and could be considered as 
efficient biocontrol agents (Fernandez-Arhex and Corley 2003). However, 
certain predators and parasitoids exhibiting Type II response have been 
successfully established and managed prey populations (Hughes et al 
1992; Fernandez-Arhex and Corley 2003). Usually, a Type III response does 
not exhibit positive density dependence throughout the range, as only a 
portion, i.e. at the initial level, shows a sigmoidal increase; later on, it also 
exhibits negative density dependence due to satiation. Hence, it is important 
to differentiate Type II and III at relatively low prey values. The functional 
response curves can be differentiated by evaluating the parameters, viz. 
coefficient of attack rate and handling time (time spent by predator In 
attacking, killing, subduing, and digesting the prey). The coefficient of attack 
rate estimates the steepness of the increase in predation with increasing 
prey density, and handling time helps estimate the satiation threshold. 
Ecologists normally face difficulties in determining functional response when 
the curve lies between Type II and III. Hence, a suitable analysis that can 
best determine the functional response is highly needed, as it is of great 
practical relevance in estimating the bio-efficacy of predatory insects 
(Trexler et al. 1988). Coccinellids are one of the important groups of 
predatory insects, that have immense biocontrol potential (Omkar and 
Pervez 2003a) with all three types of functional responses reported for the 
group (Hodek and Honek 1996). The multi-coloured Asian coccinellid, 
Harmonia axyridis is reported to exhibit all three types, i.e. Type I on the 
aphid, Rliopalosipiium prunifoliae) (Lou 1987), Type II on the aphid, 
Lipaphis erysim\ (He et al. 1994), and Type III on the aphid, Cinara sp. (Hu 
et al. 1989). Interestingly, on a single prey species, eggs of the monarch 
butterfly, Danaus plexippus, third instars and adults of H. axyridis exhibited 
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Type II and Type I responses, respectively (Koch et al. 2003). A single 
predator can therefore respond differentially to various prey-types and it 
seems likely that a predator's response to single prey type differs within and 
between species. 
In Kashmir division of Jammu and Kashmir State, the biodiversity of 
predaceous coccinellids has earlier been worked out for Srinagar district 
only (Khan and Mir, 2007). Similarly no studies have been carried out 
towards the study of relative suitability of different prey species for these 
predators as well as their relative predation potential. Keeping in view the 
aforementioned facts, present investigation shall be carried out with the 
following objectives: 
1. To study the qualitative and quantitative composition of ladybird 
beetles in Kashmir 
2. Study on biology of two predominant lady bird beetles in vivo 
3. To evaluate the predation rate of ladybird beetles on aphids 
^Ac^-2 
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CHAPTER-2 
REVIEW OF LITERATURE 
Work done in India and abroad on tlie proposed aspects of cocclnellids has 
been reviewed and summarised as follows: 
2.1 Diversity of predaceous coccinellids 
The family Coccinellidae comprises 5200 described species worldwide 
(Hawkeswood, 1987). Later, Iperti and Paoletti (1999) reported that of the 
coccinellids reported globally, about 90% are known to be predaceous on 
different insect/acarine pests. Flemming (2000) reported 4000 predatory 
species of coccinellids including more than 300 species from Indo-Pak 
subcontinent. Thirty six true aphidophagous coccinellids with 16 incidental or 
doubtful species and 16 unidentified species of predaceous coccinellids have 
earlier been reported from India by Agarwala and Ghosh (1988). A five year 
survey of predaceous coccinellids in Manipur and Nagaland has revealed 46 
coccinellids belonging to 6 tribes distributed at various altitudes (Shanitbala 
and Singh, 1991). 
Omkar and Pervez (2000) reviewed the distribution records and prey range of 
119 coccinellid predators belonging to 13 tribes from India. The authors also 
mention about some ladybeetles like Scymnus, Nephus, Cryptogonous. 
Micraspis, Coleophora, Oenopia etc, the specific names of which were 
uncertain or yet to be assigned at that time. Poorani (2002) published a 
checklist of the Coccinellidae of Indian sub-region in which she described 79 
genera and 400 species of ladybeetles along with their distribution in the 
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subcontinent. Omkar and Pervez (2004) published a catalogue which 
provides the prey record of 261 known predaceous coccinellids of India 
belonging to 57 genera. Introductions of coccinellids into India have been few 
and far between, with a majority of them imported for controlling a single pest, 
namely, Melanaspis glomerata (Green) on sugarcane, during the late sixties 
and early seventies. In all, 19 species of coccinellid predators have been 
introduced from various countries (Poorani, 2002). 
Lovei (1981) studied the composition and diversity of the coccinellid 
community in an insecticide-treated and an untreated block in an apple 
orchard situated among forests near Budapest, Hungary, from 1977 1o 1979. 
The treated block contained 11 species while the untreated one contained 10. 
Diversities did not differ significantly, but the untreated block supported more 
beetles than the sprayed one. The most abundant species were Coccinella 
septempunctata L. (71.2% in the treated plot as compared with 66.5% in the 
untreated one), Adalia bipunctata (L.) (9.7 and 14.37%, respectively), and 
Exochomus quadripustulatus (L.) (8.03 and 14.08%, respectively). More 
individuals of Hippodamia variegata (Goeze) were found in the sprayed block 
(6.35%) than in the unsprayed one (1.44%), which was probably due to the 
neighbouring cereal field. 
Verma and Joshi (1988) recorded the natural enemies of various insect pests 
during a survey in 1987-89 in the temperate region of India. The authors 
reported 9 predators including Chilocorus infernalis Mulsant and Priscibrumus 
(Exochomus) uropygialis (Mulsant) attacking Quadraspidiotus perniciosus 
(Comstock), and Coccinella septempunctata, Adalia tetraspilota (Hooe) and 
Harmonia eucharis (Mulsant) attacking Brevicoryne brassicae (L.) along with 
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many other parasitoids and pathogens. Pawar and Parray (1989) conducted 
regular surveys of the natural enemies of fruit pests in Jammu and Kashmir 
during 1983. Along with other predators, Adalia tetraspilota was recorded 
preying on Dysaphis sp. on apple and Calvia punctata (Mulsant) was 
recorded as a predator of Chromaphis Juglandicola (Kaltenbach) on walnut 
leaves. 
Irshad (2001) published a review summarising the distribution, host range, 
ecology and biotic potential of 71 species of predaceous coccinellids from 
Pakistan. Azim and Bhat (2005) published the taxonomic notes of 8 
ladybeetle species from Kashmir, Chilocorus infernalis and from subfamily 
Chilocorinae and Coccinella septumpunctata, C. transversalis F., C. 
undecimpunctata L., Illeis indica Timberlake, from subfamily Coccinellinae. 
Inayatullah et al. (2005) conducted an extensive survey district Poonch of 
Azad Kashmir, Pakistan, which revealed 16 species of coccinellids in 12 
genera belonging to four subfamilies, Coccinellinae, Chilocorinae, Scymninae 
and Epilachninae from the area. The subfamily Coccinellinae was represented 
by 13 species while as the subfamilies Chilocorinae, Scymninae and 
Epilachninae were represented by single species each. 
Inamullah etal. (2006) carried out an extensive survey of predatory coccinellid 
beetles in district Chitral, Pakistan during 2001. Twelve different species 
belonging to 9 genera of 3 tribes and 3 subfamilies occurred in the area. Eight 
species namely, Coccinella septempunctata, Hippodamia variegata, Calvia 
punctata, Adalia tetraspilota, Adalia bipunctata L. Aiolocaria hexaspilota 
(Hope), Macroilleis hauseri Mader and Oenopia conglobata L. belonging to 
Coccinellinae; three species i.e., Chilocorus rubidus (Hope), Chilocorus 
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circumdatus and Priscibrumus uropygialis belonging to Chilocorinae and one 
species i.e., Halyzia tschitscherini Semenow of Psyloborini were collected 
during the survey. 
Khan et al. (2007) studied the relative abundance of predaceous coccinellids 
in fruit ecosystem, cruciferous crop ecosystem and forest ecosystem of 
Kashmir during 2006-07 (district Srinagar only). A total of 15 species 
belonging to 13 genera were recorded. Among all, Adalia tetraspilota was 
found relatively most abundant followed by Hippodamia variegata, Harmonia 
eucharis, Calvia punctata and Ctiilocorus infernalis. The maximum population 
and species diversity of ladybeetles was noted from pear ecosystem. The 
species diversity and species richness was recorded greater in fruit 
ecosystem than vegetable and forest ecosystems. An equitable distribution of 
coccinellid species (species evenness) was registered in fruit ecosystem as 
compared to other ecosystems included in the study. 
Rekha et al. (2007) studied the diversity of predatory coccinellids in 
horticultural ecosystems comprising citrus, guava, mango, sapota and 
pomegranate in Madurai and Theni districts of Tamil Nadu. Of 10 species of 
predatory coccinellids recorded, the dominant coccinellid species were 
Ctiilocorus nigrita (F.), Jauvaria sp. Nephus regularis Sicard and Nephus sp. 
The occurrence of Ctieilomenes sexmaculata (F.), Scymnus castaneus 
Sicard, Scymnus coccivora Ayyar and Pseudaspidimerus trinotatus Thunberg 
was low while Ctiilocorus circumdatus (Gyllenhal) was the rare species. 
Rekha et al. (2009) studied the diversity of predatory coccinellids m agro-
ecosystems comprising cereals, pulses and vegetables, besides a 
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comparative study in weeded and partially weeded irrigated rice and cowpea 
ecosystems in Madurai District of Tamil Nadu. A total of 9 species of 
predatory coccinellids were recorded. Most abundant species found were 
Coccinella transversalis Fabricius, Menochilus sexmaculatus Fabricius and 
Brumoides suturalis Mulsant. Rank abundance values revealed that C. 
transversalis, Micraspis discolor F. and B. suturalis were the dominant taxa in 
weeded and partially weeded rice ecosystem. M. sexmaculatus, C. 
transversalis and 6. suturalis were the dominant taxa in weeded and partially 
weeded cowpea ecosystem. The diversity of coccinellids was greater in 
partially weeded plots than in weeded plots. 
Tara and Feroz (2009) conducted a survey of insect fauna of family 
Coccinellidae from different altitudes (ranging from 2636 metres to 7135 
metres above mean sea level) of Ladakh region of Jammu and Kashmir 
during the year 2007-08 and reported coccinellids belonging to five genera 
viz. Adalia sp., Hippodamia sp., Coccinella sp., Coleophora sp., and Halyzia 
sp. from the region. 
2.2 Biology of predominant ladybird beetle species 
The earliest significant report to demonstrate that larval diet has a significant 
effect on predator development and survival was that of Putnam (1932 and 
1937). First such study with coccinellids was that of Atwal and Sethi (1963) 
who demonstrated that Coccinella septumpunctata L. attained a greater 
weight when feeding on Lipaphis erysimi (Kaltenbach) than on two other aphid 
species. 
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Prey quality is a key factor affecting the growth, development and 
reproduction of predatory insects (Thompson, 1999). The suitability of a prey 
species can be evaluated by measuring the effect on biological attributes of 
the predator (Kalushkov and Hodek, 2004). Hodek (1962) and later Hodek 
and Honek (1996) categorized prey into essential, alternative and rejected 
prey, on the basis of quantitative data on developmental parameters viz. rate 
of development, survival and reproductive capacity. There are a few published 
studies in which the biological parameters of predatory insects have been 
related to either availability of prey or consumption rate (Jervis et al., 2005). 
Hippodamia (Adonia) variegata (Goeze) originated in the Palearctic region 
(Gordon, 1987) and is a widespread predator of aphids in many parts of the 
world (Franzmann 2002). This species is considered the most important 
natural enemy of aphids in many countries including Bulgaria, Ukraine, Italy, 
India and Turkmenistan (Kontodimas and Stathas 2005). In China, it is one of 
the most common species in agricultural ecosystems such as wheat, tobacco, 
cotton, vegetable and orchards (Wang et al. 1984; Pang 1993; Yang et al. 
1997). 
Obrycki and Orr (1990) studied the suitability of three prey species viz. 
Acyrthosiphin pisum Harris, Ropaloslphum maidis (Fitch) and eggs of Ostrinia 
nubilalis (Hubner) for the coccinellid H. variegata. Developmental times of 
Nearctic H. variegata were not influenced by larval prey. A. pisum was found 
to be a highly suitable larval prey for Nearctic populations of this predator. In 
corn, the coccinellid can develop on R. maidis, but first instars cannot utilize 
O. nubilalis eggs as an alternate food source. 
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EIHag and Zaitoon (1996) studied the biological parameters of H. variegata 
reared on Brevicoryne brassicae L. The total developmental time was noted 
as 20.1 days and per cent survival was 61.8%. The oviposition period was 
noted as 26.0 days, fecundity 276.3 eggs per female and per cent egg 
hatching as 81.8%. The adults survived for 71.8 days. Lanzoni et al. (2004) 
studied the biological traits and life table parameters of H. variegata on Myzus 
persicae Sulzer as prey. The reported mean developmental time of 18.1 days 
and pre-imaginal survival of 49.1%. The fecundity was reported as 841.7 eggs 
per female, and the oviposition period and adult longevity was noted as 32.2 
and 36.9 days, respectively. 
Kontodimas and Stathas (2005) studied some biological characteristics of H. 
variegata on Dysaphis crataegi (Kaltenbach) as prey and reported that the 
total fecundity ranged between 789 and 1256 eggs, while the mean fecundity 
was 959.6 eggs. The greatest proportion of eggs (45%) was oviposited in 
clutches of 11-20 eggs and the mean generation time noted was 34.0 days. 
He et al. (2006) studied the influence of three aphid species on development, 
survival and reproduction of H. variegata at 25°C in the laboratory. The results 
indicated that there were significant differences in the durations of different 
developmental stages, survival, generation time, longevity, weight and 
fecundity of adults while reared with these three species of aphids. The 
generation time, adult longevity, oviposition duration, adult weight and 
fecundity were 22.7 days, 38.6 days, 16.2 days, 6.2 mg and 149. 7 eggs, 
respectively, while reared with Macrosiphum avenae (Tajahashi). They were 
24. 6 days, 31.5 days, 20.1 days, 6.0 mg and 100.5 eggs, respectively, while 
reared with Hyalopterus amygdale (Blanchard). The same figures for Aphis 
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gossypii Glover as prey were 28.6 days, 25.5 days, 6.2 days, 4.2 mg and 45.3 
eggs, respectively. A. variegata displayed a decreasing preference on the 
three species of aphids in the following order: M. avenae, H. amygdale and A. 
gossypii. 
Rebolledo et a! (2009) reported that H. variegata required 190.32 ± 10.2 
degree-days to complete a generation considering 10°C as the threshold 
temperature, the one recommended for the majority of coccinellids. H 
variegata showed a life cycle of 17.3 ± 0.93 days varying in a range of 16 to 
21 days reared on A. pisum. The pupa stage showed the longest duration with 
32% of the life cycle total time, followed by the egg stage and fourth larval 
stage with 17% each. There is a discrepancy between this result and the one 
reported by Badawy (1969) who indicates a mean duration of 10.7 days for 
the life cycle feeding on Aphis gossypii. Mitchels and Bateman (1986) mention 
duration of 15.1 days at 25 °C for the H. variegata life cycle, whereas the life 
cycle decreased to 7.8 days at 30 °C. 
Jafari and Shoushtari (2010) studied the effect of different temperatures, 20, 
25 and 30°C on developmental period of the coccinellid H. variegate under 
laboratory conditions, feeding on Aphis fabae Scopoli. The development 
periods from egg to adult were 27.75, 21.3 and 15.4 days at 20, 25 and 30°C, 
respectively. The threshold temperatures ranged from 2.47°C for the first 
instar larvae to 14.63°C for the pupae. However, the threshold temperatures 
and thermal constant for whole generation from egg to adult were 7.93 °C 
with ± 1 range feeding on A. fabae. 
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Hodek (1962), Badawy (1969) and Rebolledo et al. (2009) reported that 
mating in H. variegata occurred between 2 and 5 days of life, registering the 
first oviposition two days later. Wu et al (2010) studied the effect of five host 
plants of A. gossypii on the population parameter of H. variegata. They 
observed that H. variegata completed its development from egg to adult 
emergence in 12.6-14.5 days at 25°C, depending on the host plant of its prey. 
This range is shorter than those reported elsewhere at the same temperature 
on M. persicae i.e. 18.1 days by Lanzoni et al. (2004) or 20.1 days on B. 
brassicae and R. padi by EIHag and Zaitoon (1996). On the other hand, the 
pre-imaginal survival of H. variegata ranged from 44.06 to 58.97%, depending 
on the host plant of its prey and not unlike the values reported by other such 
as 49.1% (Lanzoni etal. 2004) and 61.8% (EIHag and Zaitoon 1996). 
Among the reproductive parameters, Wu et al (2010) reported that the total 
fecundity of H. variegata ranged from 599.29 to 667.12 eggs per female, 
depending on the host plant, which was smaller to that of Lanzoni e^ al. (2004) 
i.e. 841.7 eggs per female and that of Kontodimas and Stathas (2005) i.e. 
959.6 eggs per female on then average. 
Jafarj (2011) studied the biology of H variegata on the black bean aphid, 
Aphis fabae and reported that the mean of total larval period (1st instar lo 4th 
instar) was 16.5±0.13. Kontadimas and Stathas (2005) observed that the total 
period of H. variegata was 15 days using Dyaphis crataegi as food, which is 
lower than the present finding. Grigorov (1977) observed that the total larval 
period of /-/. variegata varied from 17 to 19 days on bean aphid. 
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Jafari (2011) recorded that the 1®' instar period was 3 to 4 days and on an 
average of 3.50±0.17 days. Lanzoni et al. (2004) reported that this period was 
2 to 3 days using bean aphid as host. The mean duration of 2"^ ^ instar was 
reported as 3.G5±0.20 days by Jafari (2011). ElhabI et al. (2000) found that 
the duration of 2nd instar of H. variegate varied from 2.5 to 3.5 days using 
bean aphid as a host. Lanzoni et al. (2004) reported that the duration of final 
instar larvae of H. variegata was 3 days. Kontadimas and Stathas (2005) 
found that the duration of 4th instar larvae of H. variegata varied from 2.8 to 
3.6 days on cotton aphid. Similar result was reported by Jafari (2011) using 
Aphis fabae as prey. The average pupal period was reported as 3.10±0.07 
days by Jafari (2011) on A. fabae and 4.15±11 days by Wang et al. (2004) 
when larvae were reared on Diuraphis noxia (Mordviiko). 
The number of eggs laid per female was 587 to 1247 with an average 
943.90±53.53 as reported by Jafari (2011). About 60 to 70% of total fecundity 
was observed within the first 23 days of ovipositional period. The mean match-
ing percentage was 82.86±3.12. Lanzoni et al. (2004) reported that the 
number of eggs deposited per female was 900±80.23 and 70% eggs hatched. 
Elhabi et al. (2000) observed that the fecundity of female varied from 800 to 
900 eggs with mean 870.5 and with 79% average eggs egg hatchability. 
Jafari (2011) reported that the longevity of the male beetle was shorter than 
the female. The longevity of the male beetles varied from 30 to 62 days with 
an average of 50±3.2 days whereas the longevity of the female beetles varied 
from 30 to 70 days with average of 55.5 ± 3.37 days. Elhag and Zaiton (''996) 
reported that the adult of H. variegata lived for 32 to 60 days. Elhabi at al. 
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(2000) found that the longevity of male and female adults was 44±2 and 
61 ±9.89 days, respectively. 
The pre-oviposition period of H. variegata was reported as 7 and 6.5 days 
respectively by Lanzoni et al. (2004) and Elhagh and Zaitoon (1996) Jafarl 
(2011) noted the pre-oviposition period as was 6 to 7 days with an average of 
6.20±0.13 days. Elhag and Zaitoon (1996) reported that the oviposition period 
of H. variegata lasted from 35 to 48 days using A. fabae as food while Jafari 
(2011) reported the period to last for 37 to 48 days. Grigorov (1977), Elhabi et 
al. (2000), Lanzoni et al. (2004) and Jafari (2011) reported that the Incubation 
period was 3 to 4 days for the H. variegata eggs. 
Kalushkov (1998) studied the suitability of ten aphid species (Sternorrhyncha: 
Aphididae) as prey for Adalia bipunctata. Six of them viz., Euceraphis betulae 
L., Cavariella konoi Takahashi, Liosomaphis berneridis (Kalt.), Acyrthosiphon 
ignotum Mordviiko, Aphis farinose Gmelin and Macrosiphoniella artemisiae B. 
were recorded as essential prey for the coccinellid. Eucallipterus tiliae L. and 
Euceraphis betulae were the most suitable prey according to the rate of larval 
development, larval mortality and adult fresh weight. Aphis farinosa, Aphis 
fabae and Aphis spiraephaga Muller were recorded as unsuitable or less 
suitable prey for the predator because of high larval mortality or slow larval 
development. 
Ozder and Saglam (2002) determined the developmental time and mortality 
rate of A. bipunctata when feeding on five aphid species namely 
Metopolophium dirhodum (Walker), Sitobion avenae (F.), Rhopalosiphum padi 
(L.), Hyalopterus pruni (Geoflr.) and Myzus cerasi F. Larval period varied from 
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10.29 to 13.4 days and the development time from 16.79 to 20.79 days for A. 
bipunctata on different prey species. Lowest mortality was noted on M cerasi 
(18%) and highest on H. pruni (50%). 
Rana et al. (2002) recorded the life history parameters of A. bipunctata over a 
period of six generations when selected for improved performance on a diet of 
pea aphid, Acyrthosiphon pisum (Harris) and the black bean aphid, Aphis 
fabae Scopoli, separately. On A. pisum, the larval period decreased from 
11.58 to 10.41 days while as the male and female longevity increased from 
137.4 to 142.4, and 155.44 to 160.11 days, respectively over the six 
generations. The fecundity increased from 927.80 to 994.06 eggs per female. 
The larval duration decreased from 17.18 to 11.53 days using A. fabae as 
diet. The fecundity showed impressive progress from 416.00 to 949.00 eggs 
per female over the six generations. 
Lanzoni et al. (2004) studied the biological traits and life table parameters of 
A. bipunctata on M. persicae as prey. The reported mean developmental time 
of 18.4 days and pre-imaginal survival of 25.0 % for A. bipunctata. The 
fecundity was reported as 537.0 eggs per female, and the oviposition period 
and adult longevity was noted as 24.7 and 16.0 days, respectively. 
Development, reproduction and life tables of A. bipunctata were studied at 
three temperatures (19, 23 and 27°C) on a mixture of frozen pollen and 
Ephestia l<ueliniella Zeller eggs as a factitious food and on the aphids A//. 
persicae and A. pisum as natural foods by Jalali et al. (2009). Development 
time of A. bipunctata on all tested diets decreased with increasing 
temperature. Mortality was lowest at 23°C, averaging 44.5%, 42.6% and 
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24.3% on factitious food, A. pisum and M. persicae respectively. The siiortest 
developnnental time from egg to adult at this temperature was observed on 
factitious food (18.55 days). However, the factitious food was inferior to the 
aphid diets in terms of reproduction, yielding the longest pre-oviposition 
period, shortest oviposition period and lowest fecundity. The mean oviposition 
rate at 23°C varied from 19.94 to 25.03 eggs day) on factitious food and M. 
persicae respectively. 
Bonte et al. (2010) examined the nutritional value of Ephestia kuehniella eggs 
plus bee pollen, pea aphids, A. pisum and mixtures of bee pollen and cysts of 
Artemia franciscana Kellogg and/or a lyophilized artificial diet based on bovine 
meat and liver on the development and reproduction of A. bipunctata. Over 
84% of first instars fed on E. f<ueliniella eggs plus pollen or aphids survived to 
adulthood. Feeding predator larvae on pollen combined only with A 
franciscana cysts or artificial diet yielded 40-55% immature survival, but 
survival increased to 74% when all of these components were mixed. Lifetime 
fecundity was superior on E. I<uetiniella eggs plus pollen (1,864 eggs) to that 
on the other diets (264-889 eggs). 
Omkar and Srivastava (2003) studied the re-imaginal development, immature 
survival, and reproduction of a ladybird, Coccinella septempunctata Linnaeus, 
in response to six aphid species. Aphis craccivora Koch, Aptiis gossypii 
Glover, Aphis nerii Boyer de Fonscolombe, Lipaphis erysimi (Kaltenbach), 
Myzus persicae (Sulzer) and Uroleucon compositae (Theobald) to quantify 
their relative suitability as prey. Pre-adult development was shortest (13.93 ± 
0.12 days) when fed on L. erysimi and longest (22.85 ± 0.10 days) on A. nerii. 
Immature survival, adult emergence, growth index, relative growth rate, 
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development rate, male and female longevity, oviposition period, fecundity 
and hatching percent were maximal, i.e. 73.47±0.89%, 90.07±143%, 
8.62±0.23, 1.52 0.02, 0.07, 81.10±1.26 days, 85.70±1.45 days, 69.80±1.32 
days, 1764.10±8.46, and 87.88±1.05, respectively when C. septempunctata 
were fed on L. erysimi. The same parameters were minimal, i.e. 
43.86±1.33%, 71.65±2.75%, 2.02±0.08, 0.49±0.02, 0.04, 44.40±1.39 days, 
53.50±1.00 days, 16.40±0.60 days, 203.20±11.83, and 48.68+2.06, 
respectively on A. nerii. The weights of different ladybird life stages were 
maximal after feeding on L. erysimi and minimal on A. nerii. Regression 
analyses of the data revealed linear relationships between development rate 
and weight of adult; daily prey consumption and relative growth rate; log 
weight of adult male and female; and longevity and fecundity of female. On 
the basis of these findings, the order of suitability of aphid species 1or C. 
septempunctata is L. erysimi > M. persicae > A. craccivora > A. gossypii > U. 
compositae > A. nerii. Similar order of prey suitability has been recorded for 
Ctieilomenes sexmaculata (Fabricius) (Chaudhary et al., 1983) and 
Brumoides suturalis (Fabricius) (Gautam, 1990). 
Ashraf et al. (2010) studied development and reproductive potential of the 
Coccinella septempunctata L. under laboratory conditions to determine its 
fecundity and longevity on natural and artificial diets. Tests were made on 
laboratory rearing materials and all development stages were carefully 
recorded. Success ratios in these experiments were a matter of logistic and 
synchronization of these life cycles, the plant phytophagous and 
entomophagous insects. A positive correlation was obtained between food 
consumption and egg production, so fecundity of C. septempunctata is 
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affected by the type of food. C. septempunctata consumed highly significant 
{Rhopalosiphum maidis) 32.2 aphids per day as compared to other 
treatments. Oviposition response was the maximum on these beetles which 
consumed 1st and 2nd instars of Macrosiphon roseae. C. septempunctata 
reared under artificial diet showed more longevity 41.6 days on plain water. 
All and Rizvi (2007) studied the performance of C. Septempunctata on five 
aphid species Lipaphis erysimi, Aphis craccivora, Hyadaphis conandri, 
Rhopalosiphum nymphae and Macrosiphum rosae under controlled conditions 
(25 ± 1 °C, 70 ± 5 % RH and 12 h L: 12 h D). The overall development period 
of C. septempunctata was found significantly longer on L. erysimi and shorter 
on M. rosae. The grub, however, required significantly longer developmental 
period on H. coriandri and shorter on M. rosae. Nonetheless, the adult 
longevity was higher on L erysimi and shorter on M. rosae. Between sexes, 
the female required longer period for its development than male with respect 
to all aphid species. With regard to predation, the grubs consumed maximum 
/-/. coriandri, whereas, adult preferred Lipaphis erysimi. The last larval stage 
(grub 4), irrespective of aphid species, devoured more aphids than the other 
grub stages. The predation by female of all aphid species was more as 
compared to male. The overall predation by C. Septempunctata was 
significantly higher on L. erysimi than other species. A linear correlation curve 
showed the dependency of predation on the developmental period of C. 
Septempunctata. 
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2.3 Predation potential of predominant ladybird beetle species 
In most of the studies, the functional response of H. variegata to different 
densities of aphids has been determined to be type II (Dixon, 2000). However, 
in a studies quoted by Jafaria and Goldaseth (2009), H. variegata displayed a 
type III functional response to A. gossypii. 
Fan and Zhao (1988) determined the functional response of H. variegata to 
different densities of Aphis gossypii in the laboratory. Larvae in the 4 instars 
were fed daily with 5-35, 10-40, 20-50 and 30-60 aphids/larva, respectively. 
Predation by H. variegata was shown to increase with prey density, but 
differed according the development stage of the predator. The highest daily 
predation was 6.7, 36.4, 77.5 and 81.3 aphids for the 1'*, 2"^ 3'"^  and 4*^  instar 
larva, respectively, and 68.0 aphids for the pre-oviposition adult. 
Chen et al. (2003) worked out the predatory function of the adults and 4"^  
instar larva of H. variegata to Aphis citricola Van der Goot in laboratory. The 
results showed that the equation-ll of Holling could describe the functional 
responses of the adults and 4'^ instar larva of H. variegata to the density of A. 
citricola. Yang et al. (2003) studied the predatory function and mutual 
interference of adult H. variegata on Therioaphis trifolii (Buckton). The results 
showed that the functional response models belonged to the type II of Holling. 
The searching efficiency decreased with the increasing prey density and 
decreased with the increase of predator density as the predator Individuals 
interfered one another. 
Al-Doghairi (2004) evaluated the feeding rates of adults and larvae of H 
variegata on the cereal aphid, Schizaphis graminum (Rondani) as prey. The 
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adults consumed 16.8, 17.2 and 24.2 aphids per day while the 4*^  nstar 
larvae consumed 26.0, 27.8 and 36.2 aphids per day when the corresponding 
offered aphid densities were 30, 40 and 50, respectively. The adults were 
found to consume 81.7% and 50.2 % of the prey when the offered prey 
density was 30 and 40 aphids per predator, respectively. The corresponding 
figures for S''' and 4'^ instar larvae were 94.2, 72.5 %, and 89.0 and 68.2 %, 
respectively. 
Khan and Mir (2008) determined the functional response of adult H. variegata 
feeding on the green apple aphid. Aphis pomi De Geer and reported a type II 
response. The estimated attack rate and handling time was 2.55680 and 
1.20730, respectively. Jafari and Goldaseth (2009) determined the functional 
response of adult females of H. variegata on Apliis fabae (Scopoli). The 
aphid densities used where 20, 40, 60, 80, 100, 120, 140, 160 and 180. 
Logistic regression suggested a type II response on A. fabae adults 
Searching efficiency and handling time were estimated as 0.00078 and 
0.1774 respectively. 
Farhadi et al. (2010) reported that all larval instars and adult males and 
females of H. variegata exhibited type II functional responses on different 
densities of the prey, Aptiis fabae (Scopoli). The rate of searching efficiency 
and handling time were estimated as 0.063 h'^  and 6.933 h for first instar, 
0.059 h'^  and 3.343 h for second instar, 0.103 h"^  and 1.909 h for third instar, 
0.114 h"^  and 0.455 h for fourth instar, 0.159 h'^  and 1.194 h for male, 0.093 h" 
and 0.409 h for female, respectively. Thus, handing time decreased from 
first instar to female. Handling times of males were significantly greater than 
those of females. The most effective stages of H. variegata were females, 
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fourth instars, and males. The efficiency of females was nearly three times 
greater than that of males. 
Saleh (2010) worked out the functional response of the adult females of the 
predatory coccinellid H. variegata to various densities of Brachycaudus 
helichrysi (Kaltenbach) aphid infesting Chrysanthemum. The predator 
exhibited type II response. The estimated coefficient of attack rate was 1.9505 
and the handling time was 0.0034. 
Khan and Zaki (2007) studied the functional response of the Coccinella 
septumpunctata Linnaeus to increasing density of aphids and numerical 
response with fixed density of prey (aphids) and increasing densities of C. 
Septumpuctata. The functional response curve having a curvilinear rise to 
plateau as prey densities increased from 1 to 64 and curve predicted by the 
Holling disk equation did not differ significantly from the observed functional 
response curve. The rate of successful search and the handling time 
predicted by disk equation were 0.0566 and 1.473 in case of C. 
Septumpuctata. The numerical response having a linear rise to a plateau as 
aphid density fixed (20) with varying densities of C. septumpuctata from 1to7 
Khan and Mir (2008) determined the functional response of adult females of 
A. tetraspilota on the green apple aphid Aphis pomi DE Geer and reported a 
type II response. The attack rate and handling time were noted as 2.04209 
and 1.32890. 
Khan (2009) conducted a study to assess the functional response of different 
life stages of the predacious coccinellid, Adalia tetraspilota feeding on various 
densities of cabbage aphid, Brevicoryne brassicae (L.) under controlled 
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conditions. It revealed that all stages of A. tetraspilota exhibit Type II 
functional response curve. The fourth instar larva consumed more aphids 
(28.40 aphids / day) followed by adult female (25.06 aphids / day), third instar 
larva (24.06 aphids / day), second instar larva (21.73 aphids / day), adult male 
(20.06 aphids / day) and first instar (13.06 aphids / day). The maximum 
search rate with shortest handling time was recorded for fourth instar larva 
(r^=0.6383) followed by adult female (r2=0.6264). 
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CHAPTER - 3 
MATERIALS AND METHODS 
The materials used and methods adopted for carrying out the proposed 
studies on coccinellids are described parameter-wise as follows. The 
investigations were carried out in the field as well as in the laboratory of 
Division of Entomology, SKUAST-Kashmir, Shalimar, Srinagar (J&K). 
3.1 Qualitative and quantitative composition of ladybird 
beetles in Kashmir 
The studies on qualitative and quantitative composition of predaceous 
coccinellids were undertaken in two types of crop ecosystems, cruciferous 
and leguminous crop ecosystems in the Kashmir valley for two consecutive 
years. The crops covered were: knokhol and mustard among the cruciferous 
crops and beans and pea among the leguminous crops. Only the adult 
coccinellids were collected for the study. 
3.1.1 Study sites 
The study covered the major growing regions of the crops of the valley 
namely, district Baramulla, district Bandipora and district Srinagar. Five 
locations from each district were selected to reduce the spatial heterogeneity 
existing in the distribution of coccinellid fauna. Only the commercial varieties 
of the selected crops were sampled. 
3.1.2 Sampling scheme 
The sampling was carried out K^ar/ef (knolkhol and beans) and RabI (mustard 
and pea) for two consecutive years, 2008 and 2009. The Kharief crops were 
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sampled from May to September. The Rabi crops show very little vegetative 
growth until the completion of winter, hence the Rabi crops were sampled 
from March to June. The sampling was done at fortnightly interval. Five 
quadrates (1 square meter, each) from each crop field, selected randomly, 
were sampled. Each sampling unit was searched for predaceous coccinellids 
for 10 minutes. The coccinellids were collected by vial tapping or hand picking 
method from the foliage. Empty plastic vials (5x3 cm) were placed beneath 
the leaf blades or inflorescences and the coccinellids tapped loose with the 
cap. Smaller species were picked up with a moist finger or by small camel hair 
brush. The coccinellid specimen were killed in cyanide bottles and carried in 
duly labelled plastic vials (labels containing all pertinent information, viz. date 
of collection, location, crop etc.) to the laboratory. The samples were dried in 
oven at 60°C, pinned with entomological pins for biodiversity count and stored 
in collection boxes. The specimens were identified at Division of Entomology, 
SKUAST-Kashmir, Shalimar. 
3.1.3 Parameters of biodiversity 
The data collected from the field sampling of predaceous coccinellid fauna 
was analysed to work out the various parameters of biodiversity as follows. 
3.1.3.1 Diversity of predaceous coccinellids 
Species diversity for each crop, location and type of ecosystem was worked 
out by adding up the total number of species found in each community. 
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3.1.3.2 Relative abundance 
Relative abundance of different ladybeetle species for eacli crop, location and 
type of ecosystem was worked out by dividing the number of individuals of a 
species to the total number of individuals of all species for each community, 
expressed in percentage. 
3.1.3.3 Seasonal variation 
The seasonal variation in population of predaceous coccinellids was 
determined by comparing the fortnightly data of field collection with weather 
parameters including temperature, relative humidity and precipitation. 
3.2 Biology of two predominant ladybird beetles in vivo 
The studies on biology of Hippodamia variegata (Goeze) and Coccinella 
septempunctata were carried out in the laboratory of the Division of 
Entomology, SKUAST-K, Shalimar, during 2008-2009. A detailed account of 
the materials used and methods adopted for carrying out the proposed 
investigations is described as follows. 
3.2.1 Insect rearing 
Three aphid species viz. Aphis craccivora Koch, Lipaphis erysimi and 
Brevicoryne brassicae Linnaeus were used as diet for the studies on biology 
of two ladybeetle species namely, Hippodamia variegata and Coccinella 
septumpunctata. To rear the predator coccinellids, aphid colonies were 
maintained in the laboratory on potted seedlings {Aphis craccivora on 
cowpea, and Lipaphis erysimi and Brevicoryne brassicae on kale seedlings), 
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maintained in cages (18x18x18 cm), separately. The aphid colonies were 
collected from pesticide free vegetable fields in the University Campus. 
The ladybeetle cultures were initiated by collecting the newly emerged 
overwintering adults of the respective coccinellid species. The adults of the 
two coccinellid species were maintained in plastic jars (height 20 cm and 
diameter 15 cm) with abundant supply of prey from the aphid colonies till 
oviposition. The rearing jars were provided with crumpled paper to act as 
ovipositing sites for the females. The eggs laid on the crumpled paper were 
collected every 24 hours and transferred to petri dishes for the proposed 
studies on the biology of the coccinellids. Coccinellid cultures were 
maintained on the three aphid species separately and different growth stages 
were harvested from time to time for the studies on functional response of the 
coccinellids. All the cultures were maintained at a temperature of 25±2°C and 
65±5% relative humidity with a photoperiod of 14:10 light and dark hours In 
controlled environment rooms. 
For studies on biological parameters of two coccinellid species viz. 
Hippodamia variegata and C. Septempunctata was studied under laboratory 
conditions. Newly emerged larvae of both the predators were taken from the 
stock cultures and fed separately with abundant levels of 3'^ '^  or 4"^  instar 
nymphs of the three aphid species, The aphids were fed on leaves of 
respective host plants in petri dishes. Each treatment was replicated 10 times 
for all parameters.The studies were carried out at a temperature of 25±2°C 
and 65±5% relative humidity with a photoperiod of 14:10 light and dark hours 
in controlled environment rooms. 
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The detailed methodology adopted for studying various parameters of biology 
of the two predator species is described as follows. 
3.2.2 Larval period 
To record the duration of each larval instar and total larval duration of both the 
predators fed on all the combinations of prey species and abundance levels, 
observations were made after every 24 hours. The presence of exuviae 
marked the transformation to the next instar. 
3.2.3 Pupal period 
At the ecdysis to pupa, the exuvium was sloughed off from the pupa right up 
to the point where the cauda is attached to the substratum. The duration 
between pupation and emergence of adults was recorded as the pupal period. 
3.2.4 Larval survival (%) 
Per cent larval survival was worked out using the following formula: 
Number of pupae formed 
Larval survival (%) = - — • —^ —f x 100 
Number or 1st mstars used 
3.2.5 Adult emergence (%) 
Percent adult emergence was worked out using the following formula: 
Number of adults emerged 
Adult emergence (%) = — - — -— x 100 Number of pupae used 
3.2.6 Adult longevity 
Adult longevity was recorded as the time period from the emergence of adults 
from the pupae till their death. Longevity of both male and female adults was 
recorded. 
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3.2.7 Oviposition period 
The egg-laying by the mated females under consideration was observed daily 
and the duration in days from initiation of egg-laying till its termination was 
recorded as oviposition period. 
3.2.8 Fecundity 
The cumulative number of eggs laid by a single female throughout its 
oviposition period was recorded as the fecundity. During oviposition period, 
crumpled paper was added to the petri dishes containing the mated females 
to provide oviposition sites. The paper was replaced daily and the number of 
eggs laid was counted. The same eggs were used to work out the incubation 
period and hatchability percentage. 
3.2.9 incubation period 
Incubation period of the eggs i.e. the time period elapsed from laying to 
hatching, was recorded for 100 eggs in each replication of ail 10 treatment 
combinations for both the predators. The number of eggs hatching was 
recorded daily till no more eggs hatched and the weighted mean of eggs 
hatching every day and time period elapsed was calculated to work out the 
incubation period. 
3.2.10 Hatchabiiity(%) 
The hatchability of eggs was determined as the percentage of eggs hatched 
successfully out of the total number of eggs kept under observation (100 eggs 
per replication). The eggs were observed daily and the total number of eggs 
hatching was counted till no more eggs hatched. 
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3.2.11 Statistical analysis 
The data on the duration of various gro\A4h and developmental stages, 
fecundity and hatchability was subjected to analysis of variance in completely 
randomized design (CRD) and least significant difference (LSD) test for the 
comparison of means. The analysis was done using R-software (R 
Development Core Team, 2008). 
3.3 Evaluation of predation potential of ladybird beetles on 
aphids 
The functional response of 3'^  and 4"^  larval instars and adult male an(J female 
of Hippodamia variegata and Coccinella septempunctata to three aphid 
species namely, Aphis craccivora, Lipaphis erysimi and Brevicoryne brassicae 
was determined under laboratory conditions. The different larval instars and 
adults of both the predators under consideration were taken from the stock 
cultures for the investigations. The larvae and adults were starved for 24 
hours in vials individually before the experiments to minimize individual 
hunger levels as suggested by Nakamura (1977). Eight aphid densities were 
used to work out the functional response i.e. 1,2,4,8,16,32,64 and 128 for all 
the three species of aphids. The predators were introduced individually into 
the petri plates containing definite number of aphids per petri dish on excised 
leaves of respective host plants stuck to agar medium. The aphids were 
introduced before the predators so that they could disperse and the predators 
may have to search for the aphids. All treatments were repeated 5 times. After 
24 hours, the number of aphids consumed by the various instars of the 
predators was recorded by counting the remaining number of aphids present 
in each petri dish. The functional response of each instar of the two predator 
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species to all the three aphid species was analysed for two aspects i.e. nature 
of functional response and the parameters of functional response (attack rate 
and handling time). 
3.1 Predation rate and nature of functional response 
Prior to fitting the data to a particular Hollings' equation (Holling, 1959 and 
1966), it's important to know the type of functional response exhibited by a 
particular instar of a predator to a particular prey species. The graphical 
analysis of prey consumed versus prey offered was used to distinguish the 
type of functional response. 
3.2.3.2 Parameters of functional response 
After the determination of type of functional response, the data i.e. the number 
of aphids preyed upon by different stages of coccinellids at different densities 
was analysed by fitting modified Holling's disk equation (Hasssel et a/., 1976) 
for type II functional response with the help of non-linear least square 
regression to detemnine the parameters of functional response. 
The equation is as follows: 
N N 
Na = a r t - / ( l + aTh-) 
Where, 
Na = Number of prey eaten 
No = Number of prey offered 
a = attack rate 
Th= handling time 
Tt = time of confinement (24 hours) 
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To determine the coefficients of attack rate and handling time using non-linear 
least square regression as suggested by Rogers (1972), the function "nis" 
provided by the R-software was used (R Development Core Team, 2008). 
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CHAPTER - 4 
RESULTS 
The findings of the studies on biodiversity, biology and predation of 
coccinellids are presented as follows. 
4.1 Qualitative and quantitative composition of ladybird 
beetles in Kashmir 
The field sampling of coccinellids in various crop ecosystems at different 
locations of three districts revealed the following information. 
4.1.1 Species diversity of predaceous coccinellids 
The cruciferous crops were found to support higher number of coccinellid 
species as compared to the leguminous crops. In all, 8 species of predaceous 
coccinellids were found in the crop ecosystems of Kashmir during the present 
study (Table 1 and 2). The 8 species belong to 8 genera and two subfamilies 
viz. Coccinellinae and Chilocorinae. Species namely, Adalia tetraspilota 
(Hope), Calvia punctata (Mulsant), Ctieilomenes sexmaculata (Fabricius), 
Coccinella septempunctata Linnaeus, Harmonia eucharis (Mulsant), 
Hippodamia variegata fGoeze), llleis indica Timberlake, (subfamily 
Coccinellinae), Priscibrumus uropygialis (Mulsant) were present In the crop 
ecosystems. P. uropygialis was absent in Knolkhol, /. Indica and C. 
sexmaculata in was absent in Beans and C. sexmaculata was absent n pea 
fields at some locations during 2008. During 2009, pea fields were found 
lacking in C. punctata, I. Indica, C. sexmaculata and P. uropygialis at some 
locations as indicated in Table 1 and 2. All the species are presented in Plate 
1 and 2. 
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Adalia tetraspilota Hoppodamia variegata 
Coccinella septempunctata Harmonia eucharis 
Plate 1, Diversity of predaceous coccinellids in cruciferous and 
leguminous crops of Kashmir-1. 
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Calvia punctata Illeis indica 
Cheilomenes sexmaculata Priscibrumus uropygialis 
Plate 2. Diversity of predaceous coccinellids in cruciferous and 
leguminous crops of Kashmir- 2. 
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4.1.2 Relative abundance of predaceous coccinellids 
Of all the 829 adult ladybeetle specimens collected during the first year of 
study, 312 were recovered from Knolkhol, 224 from mustard, 146 from beans 
and 147 from pea fields. During the second year of the study, 778 specimens 
were collected of which 285 were collected from knokhol, 230 from mustard, 
137 from beans and 126 from pea fields (Table 3 and 4). Overall, A.tetraspilota 
was most predominanat (31.54 %) during the first year of sampling followed by 
H. variegata (22.46 %) and C. septempinctata (18.63 %). Same trend was 
observed during the second year of the study. During both the years, A. 
tetraspilota was the predominat species in knolkhol followed by H. variegate 
and C. septempunctata. Same was the trend for mustard beans an(i pea 
however, C. septempunctata was predominant in beans and pea during the 
second year followed by A. tetraspilota and H. avriegata. Other predominant 
species were Harmonia eucharis and llleis indica. 
4.1.3 Seasonal variation 
Adult coccneliids were collected from the Kharief crops knolkhol and beans 
from May to September and from the Rabi crops mustard and pea from March 
to June at fortnightly interval for two consecutive years, as shown in Table 5 to 
12. The population of coccienellids tends to rise from April to June and then 
tends to decline and rises again towards the first week of September. The 
population build-up of coccneliids with respect to different weather parameters 
has been depicted in Figure 1 to 8. As daily temperature tends to rise, so does 
the population of coccinellids however, the latter tends to decli9ne a bit as 
temperature reaches maximum in the summer. When the temperature reaches 
its maximum, RH tends to decline. 
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4.2 Study on biology of two predominant lady bird beetles in 
vivo 
Studies on the biology of Coccinella septempunctata and Hippodamia 
variegata were carried out to assess the effect of prey species on various 
biological attributes of the two coccinellld predators. The effect of three prey 
species namely, Aphis craccivora, Lipaphis erysimi and Brevicoryne 
brassicae, on the biological parameters of the two predators Is presented as 
follows. The generalised life cycle of C. septempunctata Is diagrammatically 
represented in Plate 3 and that of Hippodamia variegata in Plate 4. 
(A) Developmental parameters 
4.2.1 Larval duration 
Prey species were found to have significant effect on the total larval period of 
H. variegata as well as C. septempunctata, as shown in Table 13 and 14. The 
total larval period was found to Increase significantly when A. craccivora was 
used as prey as compared to B. brassicae and L. erysimi for both the predator 
species. /-/. variegata larvae completed the larval period in 15.70 days when 
A. craccivora was used as prey, while it was 11.60 and 11.70 days on B. 
brassicae and L.erysimi, respectively. The total lan/al period was statistically 
at par on the latter two prey species. For C. septempunctata, the 
corresponding figures were noted as 12.80, 12.20 and 9.20 on B. brassicae, 
A. craccivora and L. erysimi, respectively. 
56 
4th instar 
Plate 3. Diagrammatic representation of the life cycle of Cocdnella s^tempunaata. 
57 
3rd instar larva 
Plate 4. Diagrammatic representation of the life cycle of Hippodamia varlegata. 
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For both H. variegate and C. septempunctata, the effect of prey species was 
found to be significant for 3'"'^  and 4^ *^  instar larval duration. However, the effect 
of prey species was insignificant for 1®* and 2"^ * instar duration for both the 
predators. In all the cases, larval duration was longer on A. craccivora as 
compared to B. brassicae and L. erysimi. The duration of 3"^ and 4^ "^  instars 
was statically at par on 6. brassicae and L.erysimi for both the pr€ ,^dator 
species. The duration of 3^'^ instar larvae was noted as 2.9, 3.8 and 3.1 days 
on 6. brassicae, A. craccivora and L erysimi, respectively for H. variegata. 
The corresponding figures for 3'"'' instars of C. septempunctata were noted as 
2.3, 3.2 and 2.1 days, respectively. The duration of 4'^ instar larvae was noted 
as 3.3, 6.0 and 3.2 days for H. variegata on B. brassicae, A. craccivora and L 
erysimi, respectively. The corresponding figures were noted as 3.1, 4.3 and 
3.3 days for 4*^  instars of C. septempunctata, respectively. 
4.2.2 Larval survival 
Significant variation in larval survival (%) on exposure to different prey species 
was noted for both H. variegata and C. septempunctata. The per cent larval 
survival increased significantly when B. brassicae or L erysimi was used as 
prey as compared to A. craccivora for both the predators. Percent larval 
survival was only 70.00 % on A.craccivora while it was 90.00 % on both S. 
brassicae and L. erysimi for H. variegata. Similarly, for C. septempunctata, 
larval survival was 61.00, 75.00 and 77.00 when A. craccivora, B. brassicae 
and L. erysimi, respectively. For both the predator species, larval survival was 
at par with B. brassicae and L. erysimi as prey. 
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4.2.3 Pupal period 
The effect of prey species was noted as significant on tine duration of pupal 
stages for both C. septempunctata and H. variegata. In both the cases, the 
respective periods got extended appreciably when A. craccivora was used as 
prey as compared to the individuals fed on B. brassicae and L. erysimi. 
The pupal period was noted as 4.3, 5.8 and 4.2 days when B. brassicae, A. 
craccivora and L. erysimi were used as prey, respectively for H. variegata. 
Similarly for C. septempunctata, pupal period was noted as 3.1, 3.9 and 3.0 
days on the three prey species, respectively. Pupal period was statistically at 
par when B. brassicae and L erysimi were used as prey for both the predator 
species. 
(B) Reproductive parameters 
The data presented in Table 15 and 16 on the effect of prey species on 
various reproductive parameters and adult longevity of the two predator 
species under consideration revealed the following information. 
4.2.4 Adult emergence (%) 
The per cent adult emergence was found to be affected significantly by the 
prey species for both H. variegata and C. septempunctata. For /-/. variegata, 
adult emergence percentage was significantly low (78.00 %) for individuals 
fed on A. craccivora as compared to those fed on B. brassicae (100.00 %) 
and L erysimi (95.00 %). The same trend was noted for /-/. variegata and 
lowest emergence percentage was noted for individual fed on A. craccivora 
(79.00 %) as compared to those on 6. brassicae (90.00 %) and L. erysimi 
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(95.00 %). For both ther predators, adult emergence percentage was at par 
on B. brassicae and L. erysimi. 
4.2.5 Adult longevity 
Adult longevity of both H. variegata and C. septempunctata male and female 
individuals was found to be prey species dependent. For H. variegata, the 
analysis of variance revealed significant effect of prey species on longevity of 
adult males and females. The adult females lived for 54.0, 41.2 and 56.00 
days when fed on B. brassicae, A. craccivora and L erysimi, respectivelv. The 
adult males lived for 50.00, 41.0 and 51.00 days on the three prey species 
respectively. Shortest longevity of adults was noted on A. craccivora while it 
was at par on S. barssicae and L. erysimi. In general, the females lived longer 
than males. 
For C. septempunctata, the analysis of variance revealed significant effect of 
prey species on longevity of adult males and females. The adult females lived 
for 71.0, 65.0 and 75.00 days when fed on B. brassicae, A. craccivora and L 
erysimi, respectively. The adult males lived for 67.00, 58.0 and 70.00 days on 
the three prey species respectively. In general, the females lived longer than 
males. Yet again, shortest longevity of adults was noted on A. craccivora 
while it was at par on B. brassicae and L. erysimi. The adults of C. 
septempunctata lived longer as compared to those of H. variegata. 
4.2.6 Oviposltion period 
Significant variation was noted in the oviposition period by varying the prey 
species for the females of both the predators. For H. variegata, the oviposition 
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period was noted as 42.0, 31.0 and 41.0 days for female s fed on B. 
brassicae, A. craccivora and L erysimi, respectively. The oviposition period 
was drastically reduced for female fed on A. craccivora. Oviposition period 
was, again, at par for females fed upon B. brassicae and L. erysimi. Longest 
oviposition period was noted for females fed on B. brassicae. For C. 
septempunctata, the oviposition period was noted as 52.00, 46.0 and 56.10 
days for females fed on B. brassicae, A. craccivora and L erysimi, 
respectively. The oviposition period was drastically reduced for female fed on 
A. craccivora. Oviposition period was, again, at par for females fed upon B. 
brassicae and L. erysimi. Longest oviposition period was noted for females 
fed on L erysimi. Among the two predator species, females cf C. 
septempunctata possessed longer oviposition period. 
4,2.7 Fecundity 
For both the predators, the fecundity was found to be strongly influenced by 
quality of prey. For H. variegata, analysis of variance revealed significant 
effect of prey species on the fecundity of the females. The females were 
found to lay more eggs when fed on B. brassicae (580.0 eggs per female) as 
compared to L. erysimi (529.20 eggs per female) and lowest on A. craccivora 
(335.0 eggs per female). 
For C. septempunctata also, the analysis of variance revealed a significant 
effect of prey species on the fecundity of females. As with /-/. variegata the 
fecundity of females was significantly lower on A. craccivora (460.00 eggs per 
female) and highest on L erysimi (640.00 eggs per female) followed by those 
fed on B. brassicae (580.00 eggs per female). 
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4.2.8 Incubation period 
Table 15 and 16 revealed that incubation period of the eggs of H. variegata 
and C. septempunctata did not vary significantly with different prey species. 
For H. variegata, the incubation period was noted as 2.90, 3.20 and 3.00 days 
when B. brassicae, A. craccivora and L. erysimi were used as prey, 
respectively. The corresponding figures for C. septempunctata were noted as 
2.60, 3.20 and 2.50 days, respectively. In general, eggs laid by females fed on 
A. craccivora took longer to hatch. 
4.2.9 Hatchability (%) 
Just like most other characters, the hatchability of eggs of both the predators 
was found to be dependent on prey species. For H. variegata, hatchabllty (%) 
varied from 71.00 % to 85.00%. The maximum hatchability was noted for the 
eggs laid by females fed upon L. erysimi (85.00 %) followed by those on B. 
brassicae (84.00 %) and lowest for eggs of females fed on A. craccivora 
(71.00%). 
For C. septempunctata, hatchability (%) was found to vary from 78.00 to 
90.00 %. The lowest hatchability was noted for the eggs laid by females fed 
upon A. craccivora (78.00 %) and highest on the eggs laid by the females fed 
upon L. erysimi (90.00 %). Hatchability was at par for eggs of female fed on B 
brassicae and L erysimi for both the predator species. The hatchablhty was 
found to be better for eggs of C. septempunctata as compared to those of H. 
variegata under same prey species conditions. 
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4.3 To evaluate the predation rate of ladybird beetles on 
aphlds 
4.3.1 Prey consumption rates and nature of functional response 
The prey consumption rates and per cent prey consumed by 3''^  and 4'^ nstar 
larvae and adult male and female individuals of the coccinellids predators, 
Hippodamia variegata and Coccinella septumpunctata on three aphid species 
viz. Aphis craccivora, Lipaphis erysimi and Brevicoryne brassicae are 
presented in Table 17 to 20. A perusal of the data indicates that the predatory 
growth stages of both the predators consume A. craccivora nymphs the most, 
followed by B. brassicae and L erysimi. The 3'"'* instar larvae of H. variegata 
consumed a maximum of 23.00 ± 1.58 A. craccivora nymphs per day followed 
by those of B. brassicae (21.40 ± 1.34) and L erysimi (21.00 ± 1.58). The 
prey consumption rates increased from 1.00 to 23.00 ±1.58 as the offered 
prey density increased from 1 to 128 per predator for A. craccivora and from 
0.80 to 16.40 ± 1.58 for L. erysimi. For B. brassicae, the prey consumption 
rates increased from 0.80 to 21.40 ± 1.34 as the offered prey density 
increased from 1 to 128. The percent prey consumption declined as the prey 
density increased for all the three cases (Fig. 9 to 14). Comparatively, the 3^'^ 
instar larvae of C. septempunctata consumed slightly higher number of aphids 
per day. The highest prey consumption reate was recorded as 25.20 ± 1.68 
for A. craccivora, 24.80 ± 1.08 for L. erysimi and 25.00 ± 1.87 for B. 
brassicae. 
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Table 17. Predation rates (Mean ± S.E.) and per cent prey consumption for 3"^ 
instar larvae of Hippodamia variegata and Coccinella septempunctata on 
three prey species. 
Predator 
H. variegata 
C.septempunctata 
Prey 
density 
offered 
(No) 
1 
2 
4 
8 
16 
32 
64 
128 
1 
2 
4 
8 
16 
32 
64 
128 
Prey species 
Aphis craccivora 
Prey 
consumed 
(N) 
1.00 ±0.00 
1.20 ±0.44 
2.80 ±0.83 
6.00 ±0.70 
11.00± 1.00 
16.00 ± 1.58 
19.00 ± 1.98 
23.00 ±1.58 
0.80 ± 0.44 
1.20 ±0.44 
3.00 ±0.85 
6.20 ± 0.96 
12.00 ±1.25 
18.60 ±1.28 
23.40 ± 1.65 
25,20 ± 1.68 
% Prey 
consumed 
100.00 
60.00 
70.00 
75.00 
68.75 
50.00 
29.68 
17.96 
80.00 
60.00 
75.00 
77.50 
75.00 
58.12 
36.56 
19.68 
Lipaphis erysimi 
Prey 
consumed 
(N) 
0.80 ± 0.44 
1.00 ±0.00 
2.60 ±0.54 
5.80 ± 0.44 
9.00 ± 0.70 
16.00 ±1.98 
18.20 ±0.09 
21.00 ± 1.58 
0.80 ± 0.44 
1.00 ±0.00 
2.80 ±0.35 
6.00 ±1.35 
11.60±1.65 
18.00 ± 1.45 
22.80 ± 1.05 
24.80 ± 1.08 
% Prey 
consumed 
80.00 
50.00 
65.00 
72.50 
56.25 
50.00 
28.43 
16.40 
80.00 
50.00 
70.00 
75.00 
72.50 
56.25 
35.62 
19.37 
Brevicoryne brassicae 
Prey 
consumed 
(N) 
0.80 ±0.44 
1.00 ±0.00 
2.60 ±0.54 
5.40 ± 1.14 
10.00 ± 1.00 
15.60± 1.14 
18.40± 1.14 
21.40± 1.34 
0.80 ±0,44 
1.20 ±0.44 
2.80 ±0,25 
6.00 ±0.75 
11.80 ±0,95 
18.20± 1.05 
23.20 ± 1.09 
25.00 ± 1.87 
% Prey 
consumed 
80.00 
50.00 
65.00 
67.50 
62.50 
48.75 
28.75 
16.71 
80.00 
60.00 
70.00 
75.00 
73.•'S 
56.87 
36.25 
19.53 
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th Table 18. Predation rates (Mean ± S.E.) and per cent prey consumption for 4 
instar larvae of Hippodamia variegata and Coccinella septempunctata on 
three prey species. 
Predator 
H. variegata 
C. septemp un data 
Prey 
density 
offered 
(No) 
1 
2 
4 
8 
16 
32 
64 
128 
1 
2 
4 
8 
16 
32 
64 
128 
Prey species 
Aphis craccivora 
Prey 
consumed 
(N) 
1.00 ±0.00 
1.40 ±0.54 
3.00 ±0.70 
6.20 ± 0.83 
13.00 ± 1.00 
18.00 ±1.58 
22.00 ±1.58 
27.00 ±1.41 
1.00 ±0.00 
1.40 ±0.48 
3.20 ± 0.69 
6.40 ± 0.87 
14.20 ±1.05 
20.20 ±1.08 
26.20 ±1.58 
29.80 ±1.46 
% Prey 
consumed 
100.00 
70.00 
75.00 
77.50 
81.25 
56.25 
34.37 
21.09 
100.00 
70.00 
80.00 
80.00 
88.75 
63.12 
40.93 
23.28 
Lipaphis erysimi 
Prey 
consumed 
(N) 
0.80±0.44 
1.20±0.44 
2.80±0.83 
6.00±0.70 
12.20±0.83 
17.00±1.58 
20.00±1.22 
24.00±1.22 
0.80±0.44 
1.40±0.48 
3.00±1.00 
6.00±0.98 
13.80±1.25 
21.00±1.65 
25.80±1.74 
29.40±1.65 
% Prey 
consumed 
80.00 
60.00 
70.00 
75.00 
76.25 
53.12 
31.25 
18.75 
80.00 
70.00 
75.00 
75.00 
86.25 
65.62 
40.31 
22.96 
Brevicoryne hrassicae 
Prey 
consumed 
(N) 
0.80±0.44 
1.20±0.44 
2.80±0.83 
6.20±0.83 
14.00±1,00 
19.00±1.58 
23.00±0.70 
26.00±1.01 
1.00±0.00 
1.40±0.48 
3.00±1.00 
6.20±0.95 
14.00±0.57 
20.40±0.88 
26.00±1.08 
29.80±1.58 
% Prey 
consumed 
80.00 
60.00 
70.00 
77.50 
87.50 
59.37 
23.64 
20.31 
100.00 
70.00 
75.00 
77.50 
87.50 
63.75 
40.62 
23.28 
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Table 19. Predation rates (Mean ± S.E.) and per cent prey consumption for adult 
male of Hippodamia variegata and Coccinella septempunctata on three 
prey species. 
Predator 
H. variegata 
C.septempunctata 
Prey 
density 
offered 
(N„) 
1 
2 
4 
8 
16 
32 
64 
128 
1 
2 
4 
8 
16 
32 
64 
128 
Prey species 
Aphis craccivora 
Prey consumed 
(N) 
0.8 ± 0.44 
1.2 ±0.44 
2.4 ± 0.89 
5.4 ±0.54 
10.8 ±0.83 
15.2 ±0.85 
18.4±1.14 
22.2 ±1.30 
0.80 ± 0.44 
1.20 ±0.44 
2.60 ±0.86 
5.20 ± 0.68 
10.80 ±1.08 
15.20 ±1.33 
19.20 ±1.28 
23.20 ±1.58 
% Prey 
consumed 
80.00 
60.00 
60.00 
67.50 
67.50 
47.50 
28.75 
17.34 
80.00 
60.00 
65.00 
65.00 
67.50 
47.50 
30.00 
18.12 
Lipaphis erysimi 
Prey consumed 
(N) 
0.8 ± 0.44 
1.0 ±0.00 
2.2 ±0.83 
5.0 ±0.70 
10.6 ±1.34 
14.8 ±2.28 
18.2 ±0.83 
21.8 ±0.08 
0.80 ± 0.44 
1.00 ±0.00 
2.20 ± 0.62 
5.00 ± 0.49 
11.00 ±0.95 
15.00 ±1.05 
19.00 ±1.09 
23.40 ±1.08 
% Prey 
consumed 
80.00 
50.00 
55.00 
62.50 
66.25 
46.25 
28.43 
17.03 
80.00 
50.00 
55.00 
62.50 
68.75 
46.87 
29.68 
18.28 
Brevicoryne brassicae 
Prey 
consumed 
(N) 
0.8 ± 0.44 
1.0 ±0.00 
2.2 ±0.44 
5.2 ±0.44 
10.8 ±1.30 
15.2 ±0.83 
18.0±1.58 
22.0 ± 1.6(1 
0.80 ± 0.4^ f 
1.20 ±0.44 
2.40 ± 0.6<S 
5.20 ± 0.68 
10.80 ±1.09 
15.20 ±1.39 
19.00 ±1.32 
23.20 ±1..S2 
% Prey 
consumed 
80.00 
50.00 
55.00 
65.00 
67.50 
47.50 
28.12 
17.18 
80.00 
60.00 
60.00 
65.00 
67.50 
47.50 
29.68 
18.12 
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Table 20. Predation rates (Mean ± S.E.) and per cent prey consumption for adult 
female of Hippodamia variegata and Coccinella septempunctata on three 
prey species. 
Predator 
H. variegata 
C.septempunctata 
Prey 
density 
offered 
(No) 
1 
2 
4 
8 
16 
32 
64 
128 
1 
2 
4 
8 
16 
32 
64 
128 
Prey species 
Aphis craccivora 
Prey 
consumed 
(N) 
1.00 ±0.00 
1.40 ±0.48 
3.20 ±0.58 
6.40 ±0.86 
14.20 ±1.28 
19.20 ± 1.29 
23.20 ± 1.35 
28.60 ±1.68 
1.00 ±0.00 
1.60 ±0.65 
3.20 ±0.98 
6.60 ±1.05 
14.60 ± 1.52 
22.60 ±1.08 
27.40 ± 1.74 
32.40 ±1.65 
% Prey 
consumed 
100.00 
70.00 
80.00 
80.00 
88.75 
60.00 
50.31 
22.34 
100.00 
80.00 
80.00 
82.50 
91.25 
70.62 
42.28 
25.31 
Lipaphis erysimi 
Prey 
consumed 
(N) 
1.00 ±0.00 
1.40 ±0.44 
3.00 ±0.91 
6.00 ±0.58 
13.40 ±0.64 
18.20 ±1.08 
21.20 ±1.29 
27.20 ±1.51 
1.00 ±0.00 
1.40 ±0.44 
3.00 ±0.65 
6.40 ± 0.69 
14.40 ±1.08 
21.00 ±1.09 
27.00 ± 1.28 
31.80 ±1.85 
% Prey 
consumed 
100.00 
70.00 
75.00 
75.00 
83.75 
56.87 
33.12 
21.25 
100.00 
70.00 
75.00 
80.00 
88.75 
65.62 
42.18 
24.84 
Brevicoryne brassicae 
Prey % Prey 
consumed consumed 
(N) 
1.00 ±0.00 100.00 
1.40 ±0.44 70.00 
3.00 ±0.92 75.00 
6.20 ±0.62 77,50 
14.00 ±1.25 87.50 
18.80±1,25 58.75 
22.40 ± 1.36 , 35.00 
27,20±1.58 21.25 
1.00 ±0.00 ; 100.00 
1.40 ±0.44 . 70.00 
3.20 ±0.58 
6.40 ±0.85 
14.40 ± 1.05 
21.40 ± 1.09 
80.00 
80.00 
90,00 
66.87 
27.00± 1.68 j 42.18 
32.20± 1,56 25.15 
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Figure 9. Prey consumption versus prey density offered for various 
growth stages of Hippodamia variegata on Aphis craccivora, 
A, B refer to 3*^ ^ and 4**^  instar larvae and, C, D to adult male 
and female of H. variegata. 
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Figure 10. Prey consumption versus prey density offered for various 
growth stages of Hippodamia variegata on Lipaphis erysimi, 
A, B refer to 3"^ ** and 4**^  instar larvae and, C, D to adult male 
and female of H. variegata. 
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Figure 11. Prey consumption versus prey density offered for various 
growth stages of Hippodamia variegata on Brevicoryne 
brassicae, A, B refer to 3*^** and 4^ *^  instar larvae and, C, D to 
adult male and female of H. variegata. 
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Figure 12. Prey consumption versus prey density offered for various 
growth stages of Coccinella septempunctata on Aphis 
craccivora. A, B refer to 3"^** and 4**^  instar larvae and, C, D to 
adult male and female of C. septempunctata. 
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Figure 13. Prey consumption versus prey density offered for various 
growth stages of Coccinetia septempunctata on Aphis 
craccivora, A, B refer to 3^" and 4*"^  instar larvae and, C, D to 
adult male and female of C. septempunctata. 
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Figure 14. Prey consumption versus prey density offered for various 
growth stages of Coccinella septempunctata on B. brassicae, 
A, B refer to 3*^ ^ and 4"^ instar larvae and, C, D to adult male 
and female of C. septempunctata. 
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The 4*" instar larvae of H. variegata consumed a maximum of 27.00 ± 1.41, 
24.00 ±1.22 and 26.00 ± 1.01 aphids per day of A. craccivora, L. erysimi, and 
B. brassicae, respectively in 24 hours. The corresponding figures for 4'^ instar 
larvae of C. septempunctata were recorded as 29.80 ± 1.46, 29.40 ± 1.65 
and 29.80 ± 1.58, respectively. The 4'^ instar larvae of C. septempunctata 
consumed higher number of prey per day. As compared to 3'"^ instar larvae, 
the 4**^  instar larvae possessed higher prey consumption rates. Among the 
three prey species, highest prey consumption rates were shown by the 4th 
instar larvae of C. septempunctata on A. craccivora and B. brassicae. The 
percent prey consumption rates showed a declining trend as the prey density 
increased. 
The adult males of H. variegata consumed a maximum of 22.20 ± 1.30, 21.80 
± 0.08 and 22.00 ± 1.60 aphids per day of A. craccivora L. erysimi, and 6. 
brassicae, respectively in 24 hours. The corresponding figures for adult males 
of C. septempunctata were recorded as 23.20 ± 1.58, 23.40 ± 1.08 and 23.20 
± 1.52, respectively. The adult males of C. septempunctata consumed higher 
number of prey per day as compared to those of H. variegata. As compared to 
4^ ^ instar larvae, the adult males possessed lower prey consumption rates. 
Again, the percent prey consumption rates showed a declining trend as the 
prey density increased. 
The adult females of of /-/. variegata consumed a maximum of 28.60 ± 1.68, 
27.20 ± 1.51 and 27.20 ± 1.58 aphids per day of A. craccivora L. erysimi, and 
B. brassicae, respectively in 24 hours. The corresponding figures for adult 
fenmales of C. septempunctata were recorded as 32.40 ± 1.65, 31.80 ± 1.85 
and 32.20 ± 1.56, respectively. The adult females of C. septempunctata 
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consumed higher number of prey per day as compared to those of H. 
variergata. Among the three prey species, highest prey consumption rates 
were shown by the adult females of C. septempunctata on A. craccivora. The 
percent prey consumption rates, again showed a declining trend as the prey 
density increased. 
Among the various predatory growth stages of H. avriegata used, the aphid 
consumption was recorded as maximum by the adult females followed by the 
4*^  instar larvae on all the three prey species used. Same trend was noted for 
C. septempunctata. Among all the growth stages, the predatory individuals of 
C. septempunctata consumed more number of aphids per day as compared 
to those of H. variegata. 
Percentage of prey consumed by all predatory stages decreased as the 
offered prey density increased on all the prey species used for both the 
predators. The percentage of prey consumed by each predatory stage of both 
the predatory species on all the three species used, declined monotonically 
with increasing prey density as depicted in Figure 9 to 14. The graphical 
analysis of percentage of prey consumed versus offered prey density 
suggested type II functional response for all the predatory stages of both the 
predators on all the three prey species used. 
4.3.2 Parameters of functional response 
The handling time (7/,) and attack rate (a) are the parameters that reflect the 
significance of functional response. As the graphical analysis of prey 
consumption rates suggested the type II functional response for all the 
predatory stages of both the predators, H. variegata and C. septempunctata 
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on all three prey species namely, A. craccivora, L. erysimi and B. brassicae, 
the data on predation rates was fitted to the modified Holling's disk equation 
to estimate the handling time (T/,) and attack rate (a). The estimates are 
presented in Table 21 to 26. 
Among the predatory stages of H. variegata, maximum handling time was 
noted for 3'^ ^ instar larvae of (0.923 ± 0.054) followed by adult males (0.892 ± 
0.046) and lowest for adult female (0.733 ± 0.045) when L. erysimi was used 
as prey. With A. craccivora as prey, maximum handling time was possessed 
by adult males (0.886 ± 0.040) and lowest for adult female (0.690 ± 0.037). 
With B. brassicae as prey, highest handling time was recorded for 3"^^ instar 
larvae (0.910 ± 0.043) and lowest for adult females (0.729 ± 0.042). Among 
all the three prey species, lowest handling time was possessed by adult 
female preying upon A. craccivora followed by 4hth instar larvae. Maximum 
attack rates were possessed by 4'*^  instar larvae preying upon B. brassicae 
(2.271 ± 0.285) followed by adult females (2.193 ± 0.042). 
Among the predatory stages of C. septempunctata, minimum handling time 
was noted for adult females (0.585 ± 0.033) followed by 4"^  instar larvae 
(0.635 ± 0.032) when A. craccivora was used as prey. Maximum attack rate 
was possessed by adult female (2.343 ± 0.237) followed by 4**^  instar larvae 
(2.237 ± 0.207). With L erysimi as prey, minimum handling time was 
possessed by adult females (0.588 ± 0.030) and maximum attack rate was 
shown by 4*^  instar larvae (2.231 ± 0.253). With B. brassicae as prey, lowest 
handling time as well as highest attack was recorded for adult females 
(handling time 0.5844 ± 0.030 and attack rate 2.219 ± 0.196). Among all the 
three prey species, lowest handling time was possessed by adult female 
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Table 21. Estimates of attack rate (a) and handling time (TH) for various growth 
stages of Hippodamia variegata preying upon Aphis craccivora, for 
HoUing's Disk equation. 
Growth stage 
Third instar 
Fourth instar 
Adult male 
Adult female 
Parameters* 
a 
Th 
a 
Th 
a 
Th 
a 
Th 
Estimate 
1.8651 
0.8649 
2.03523 
0.72729 
1.74448 
0.88695 
2.19187 
0.69026 
S.E. 
0.1411 
0.0344 
0.17591 
0.03441 
0.14994 
0.04085 
0.22262 
0.03798 
t- value 
13.21 
25.14 
11.57 
21.14 
11.63 
21.71 
9.846 
18.176 
Pr{t) 
1.16e-05 
2.6k-07 
2.5 It-05 
7.31 £-07 
2.43e-05 
6.24e-07 
6.33e-()5 
1.79t-()6 
*a in hours" and Th in hours 
Table 22. Estimates of attack rate (a) and handling time (7"^ ) for various growth 
stages of Hippodamia variegata preying upon Lipaphis erysimi, for 
Holling's Disk equation. 
Growth stage 
Third instar 
Fourth instar 
Adult male 
Adult female 
Parameters* 
a 
Th 
a 
Th 
a 
Th 
a 
Th 
Estimate 
1.73837 
0.92353 
2.01058 
0.82994 
1.66316 
0.89240 
2.05065 
0.73383 
S.E. 
0.19651 
0.05498 
0.20000 
0.04271 
0.15756 
0.04622 
0.23527 
0.04572 
t- value 
8.846 
16.796 
10.05 
19.43 
10.56 
19.31 
8.716 
16.049 
Pr ft) 
0.00C116 
2.84e-()6 
5.62f-()5 
j 
1.20t-()6 i 
4.25t-()5 
1.25e-()6 
0.00C126 
3.72£-()6 
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Table 23. Estimates of attack rate (a) and handling time (Th) for various growth 
stages of Hippodamia variegata preying upon Brevicoryne brassicae, for 
Holling's Disk equation. 
Growth stage 
Third instar 
Fourth instar 
Adult male 
Adult female 
Parameters* 
a 
Th 
a 
Th 
a 
Th 
a 
Th 
Estimate 
1.75101 
0.91030 
2.27150 
0.75144 
1.71617 
0.89552 
2.19389 
0.72944 
S.E. 
0.15818 
0.04345 
0.28504 
0.04827 
0.17867 
0.05013 
0.24514 
0.04299 
t- value 
11.07 
20.95 
7.969 
15.566 
9.605 
17.865 
8.949 
16.967 
Pr{i) 
3.24e-05 
7.71e-07 
0.000208 
4.45e-06 
7.28£-05 
1.98e-06 
0.000109 
2.68e-06 
*a in hours" and 7/, in hours 
Table 24. Estimates of attack rate (a) and handling time (Th) for various growth 
stages of Coccinella septempunctata preying upon Aphis craccivora, for 
Holling's Disk equation. 
Growth stage 
Third instar 
Fourth instar 
Adult male 
Adult female 
Parameters* 
a 
Th 
a 
Th 
a 
Th 
a 
Th 
Estimate 
2.10404 
0.75110 
2.23712 
0.63581 
1.68455 
0.83297 
2.34321 
0.58465 
S.E. 
0.22640 
0.04288 
0.20759 
0.03293 
0.12161 
0.03379 
0.23789 
0.03375 
t- value 
9.294 
17.516 
10.78 
19.31 
13.85 
24.65 
9.85 
17.32 
Pr (t) 
8.78e-05 
2.22c-()6 
3.77tv05 
1.25e-06 
8.81f-06 
2.93e-07 
6.31e-05 
2.37e-()6 
*a in hours" and Th in hours 
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Table 25. Estimates of attack rate (a) and handling time (T/,) for various growth 
stages of Coccinella septempunctata preying upon Lipaphis erysimi, for 
Holling's Disk equation. 
Growth stage 
Third instar 
Fourth instar 
Adult male 
Adult female 
Parameters* 
a 
Th 
a 
Th 
a 
TH 
a 
Th 
Estimate 
2.00130 
0.76039 
2.23181 
0.64219 
1.6296 
0.8215 
2.18501 
0.58845 
S.E. 
0.21138 
0.04338 
0.25366 
0.04059 
0.1510 
0.0438 
0.19094 
0.03019 
t- value 
9.468 
17.527 
8.798 
15.822 
10.79 
18.76 
11.44 
19.49 
Pr(S) 
7.91e-05 
2.21e-06 
0.000120 
4.04e-06 
3.75e-05 
1.48e-06 
2.67e-05 
1.18e-06 
*a in hours" and Th in hours 
Table 26. Estimates of attack rate (a) and handling time {Th) for various 
growth stages of Coccinella septempunctata preying upon 
Brevicoryne brassicae, for Holling's Disk equation. 
Growth stage 
Third instar 
Fourth instar 
Adult male 
Adult female 
Parameters* 
a 
Th 
a 
Th 
a 
Th 
a 
Th 
Estimate 
2.01005 
0.75011 
2.2043 
0.6337 
1.67066 
0.83388 
2.2193 
0.5844 
S.E. 
0.22186 
0.04492 
0.2168 
0.0351 
0.13161 
0.03704 
0.1968 
0.0303 
t- value 
9.06 
16.70 
10.17 
18.05 
12.69 
22.51 
11.27 
19.29 
Pr{i) 
0.000101 
2.94e-()6 
5.27t-()5 
1.86e-()6 
1.47t-()5 
5.03e-()7 
2.9k-()5 
1.26£-06 
*a in hours' and Th in hours 
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preying upon A. craccivora followed by 4**^  instar larvae. Also, maximum attack 
rates were possessed by adult females preying upon A. craccivora. 
Among the predatory stages of H. variegata preying upon the three aphid 
species, minimum handling time was exhibited by adult females on A. 
craccivora (0.667 ± 0.009) and maximum attack rate was exhibited by 4"^  
instar larvae (0.144 ± 0.013) on the same prey species. These values are 
respectively lower and higher than possessed by any of the predatory stages 
of A. teraspilota on the three aphid species used as prey. 
As compared to H. variegata, predatory stages of C. septumpunctata 
possessed lower handling time and higher attack rates preying upon any of 
the prey species. Among the predatory stages, adult females and 4*'^  instar 
larvae possessed the best parameters of functional response vis-a-vis 
biocontrol potential of the cocccinellid predators is concerned. Among the 
prey species, all the predatory stages of both predator species showed higher 
prey consumption rates and highest attack rates with minimum handling time 
while preying upon A. craccivora. 
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CHAPTER - 5 
DISCUSSION 
5.1 Qualitative and quantitative composition of ladybird 
beetles in Kashmir 
The sampling of predaceous coccinellids in cruciferous and leguminous crops 
in three districts of Kashmir valley during 2008-09 revealed the presence of 8 
species. Bhagat et al. (1988) reported 12 species of ladybeetles from apple 
orchards of Jammu and Kashmir. Azim and Bhat (2005) published the 
taxonomic notes of 8 ladybeetle species from Kashmir, 2 from subfamily 
Chilocorinae and 6 from subfamily Coccinellinae. Later, Khan et al. (2007) 
worked out the species diversity and relative abundance of predaceous 
coccinellids in various fruit, vegetable and flower ecosystems from district 
Srinagar of Jammu and Kashmir. They reported 13 species each from apple 
and pear orchards, and 3 and 4 ladybeetle species, respectively from 
cabbage and cauliflower gardens. Tara and Feroz (2009) reported the 
presence of 5 coccinellid species from various altitudes of Ladakh. 
During the study, A.tetraspilota turned out to be the most predominanat (31.54 
%) species of coccinellids in all the crops sampled followed by H. variegata 
(22.46 %) and C. septempinctata (18.63 %). Same trend was observed duhng 
the second year of the study. Khan et al. (2007) reported that among all, A 
tetraspilota was found relatively most abundant followed by H. variegata, H. 
eucharis, C. punctata and C. infernalis. 
The cruciferous crops supported more number of ladybeetle individuals as 
compared to leguminous crops. The leguminous crops were also found to 
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support lesser number of coccinellid species at some locations. The presence 
of any species in a given habitat is mainly determined by the presence of 
essential prey, other than the physical conditions of the environment (Hodek, 
1973). Most of the coccinellid species reported by other workers but lacking in 
the present study were found to possess prey range that is nomnaliy lacking in 
these crops, as per the prey range records reported by Omkar and Pervez 
(2000). Most prominent among those are the scale feeding coccinellids. 
The high mobility of some coccinellid species is known to affect the adult 
assemblages in various habitats, depending on the nature of adjacent habitats 
(Miliczky and Horton, 2005). Apart from providing hibernation shelter, adjacent 
cultivated or uncultivated land may serve both as source of prey and a source 
of re-enforcement of active natural enemies after the pest outbreak or crops 
(Hodek, 1973). The idea that extra-orchard habitats or comparable habitats 
adjacent to other crops act as source of natural enemies, has been 
demonstrated for a number of crop ecosystems (Ekborn et al., 2000). Gut e^  
al. (1988) monitored the arthropod colonisation of young pear trees that had 
been placed in different agricultural settings (a mixed crop assemblage versus 
a pear monoculture) rather than native habitats. Differences were noted in 
arthropod species richness on the young pears and also in kinds and 
abundances of arthropods on pears depending on the surrounding habitats. 
Miliczky and Horton (2005) studied the effect of distance from adjacent native 
habitats on densities of beneficial arthropods within pear and apple orchards 
and found that densities of beneficial arthropods declined significantly as 
distance from extra-orchard habitat increased. The difference in the nature of 
various crops under study in terms of duration and adjacent vegetation 
87 
probably account for some variation in the number of ladybeetle species and 
adults recovered in the current study. Knolkhol was found growing along with 
many other vegetable crops while as mustard fields were surrounded by many 
weeds and othr types of perennial vegetation. Contrary to this, the leguminous 
crops were found growing as sole crops over extensive areas clean cultivation 
practices adopted. In addition to immigration of natural enemies from adjacent 
habitats, resource concentration through increased botanical diversity may be 
a factor that could affect the diversity and relative abundance of various 
ladybeetles in various ecosystems under consideration. Hongjiao et al. (2010) 
studied the effects of intercropping systems on diversity and composition of 
predatory arthropods in vegetable fields and reported higher species richness 
and diversity indices in intercropping systems than in monocultures. Song et 
al. (2010) reported that intercropping with aromatic plants significantly 
improved the diversity and various diversity indices of natural enemies in pear 
orchard. The cultural operations such as extent of weeding and pruning could 
also affect the diversity and abundance of natural enemy assemblages. 
Rekha et al. (2009) reported higher abundance of coccinellid species in 
partially weeded plots of rice and cowpea than weeded plots. All or some of 
these factors probably account for the observed variation in number of 
coccinellid species and individuals recovered from various crops under study. 
5.2 Study on biology of two predominant lady bird beetles in vivo 
The original assumption that all aphids are suitable for all species of 
aphidophagous coccinellids was rejected by Hodek (1960) and Blackman 
(1967). Since then, it has generally been accepted that not all eaten prey are 
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suitable food for coccinellids. It should be discriminated between the food 
enabling development and oviposition (essential prey) and the food that is 
good only for survival (alternative). Also there is a category of rejected prey 
that may be toxic. However, there are different levels of suitability of individual 
essential preys (Hodek and Honek, 1996). The current investigation indicated 
that all the three aphid species Aphis craccivora, Lipaphis erysimi and 
Brevicoryne brassicae are essential prey for both coccinella septempunctata 
and H. variegata, A. craccivora being less suitable in comparison to other two 
prey species. The effect of prey species and prey abundance on the various 
biological parameters of A. teraspilota and /-/. variegata is discussed as 
follows. 
5.2.1 Larval period 
The duration of 3'^ '^  and 4'^ larval instars of H. variegata and C. 
septemopunctata was found to vary significantly with the prey species. So 
was the effect on total larval period of both the predators. The larval duration 
was consistently longer for the predator individuals fed on A. craccivora as 
compared to those fed on L. erysimi and B. brassicae. According to Shafiei et 
al. (2001), the lengthening of the developmental period is a mechanism that 
allows insects to survive to inadequate nutrition during the larval stage, as it 
allows insects to extend their feeding activity to acquire enough food 
resources to complete growth. The varied palatability of the three aphid prey 
species towards the coccinellid predators may be attributed to the species 
specific alkanes present on the surface of the aphids (Liepert and Dettnere, 
1996); and differences in the wax patterns of the aphids that could be used in 
the recognition and determination of palatability (Kosaki and Yamaoka, 1996). 
89 
Higher palatability of B. brassicae and L. erysimi for C. septempunctata and 
H. variegata larvae may be attributed to its nutrient contents which probably 
ease its digestion (Pervez and Omkar, 2004). The reduced consumption of 
some aphids has been ascribed to certain alkaloids and other allelochemicals, 
not suitable for the constitution and metabolism of the ladybeetles (Okamoto, 
1966). However, this aspect needs to be confirmed by chemical analysis of 
body contents. The reduced consumption in response to chemical 
constituents might maintain the unwanted chemicals below harmful levels but 
still ensure survival, thus it became clear that A. craccivora Is a less suitable 
prey for both C. septempunctata and H. variegata while as L. erysimi is the 
most suitable followed by B. brassicae. 
The larval period lasted for 11.60, 15.70 and 11.70 days on 6. brassicae, A. 
craccovora and L. erysimi, respectively for H. variegata, and 12.80, 12.20 and 
9.20 days, respectively for C. septempunctata. The larval duration has been 
reported as 16.5 days for H. variegata reared on Aphis fabae (Jafari, 2011), 
8.83 days for H. variegata larvae reared on Aptiis gossypii (Wu et a!., 2010), 
11.8 days for H. variegata reared on B. brassicae and Rtiopalosiptium padi 
(EIHag and Zaitoon, 1996), 9.4 days for H. variegata reared on Myzus 
persicae (Lanzoni et a!., 2004). Omkar and Srivastava (2003) reported the 
immature development to last for 13.39 days on L. erysimi and 16.83 days on 
A. craccivora and 22.85 days on Aphis nerii for C. septempunctata. Kalushkov 
and Hodek (2004) reported the mean larval duration of C. septempunctata as 
9.2 days on A. craccivora. The variation in the presented findings may be due 
to factors such as prey species, host plant of prey, rearing conditions etc. that 
are reported to affect the various biological parameters (Lanzoni et a!., 2004). 
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Besides, geographical variations in the predator-prey system may also be 
important (Bobzhansky, 1933). 
Insignificant variation in first and second instar larval duration of both the 
predators may be due to the low quantitative requirement of the instars due to 
small size. According to Dixon (1999), there is definite quantity of food that 
acts as threshold above which the developmental rate is optimal. 
5.2,2 Immature survival (%) 
Appreciable variation in survivorship of larvae was noted by varying the prey 
species. For both the predators, larval survival was higher for Individuals 
reared on B. brassicae and L. erysimi as compared to those reared on A. 
craccivora. Larval survival decreases as less of the prey is consumed either 
due to its less suitability or shortage in supply (Kaiuskov and Hodek, 2004). 
Same effect of varying prey species was noted on the adult emergence 
percentage of both the predator species. The pupae suffered more mortality 
on A. craccivora as compared to L. erysimi and B. brassicae. According to 
Parvez and Omkar (2004), possible reasons for increased mortality of 
immatures on the less consumed prey include; slow starvation resulting from 
lower consumption and/or inability of the ladybird metabolism to detoxify or 
sequester the unsuitable chemicals. In general, neonate larvae and 4*"^  instars 
suffered the maximal mortality. First instars suffered high mortality because of 
their thin cuticle making them more vulnerable to physical stresses (Ponsonby 
and Copland, 1996). The 4'^ instar larvae suffered more as the prey 
abundance decreased as they could not cater the high metabolic needs under 
food shortage (Cividanes etal., 2010). Larval survival in the range of 50-75 % 
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has been reported for H. variegata by different workers (Wu et al.. 2010; 
Lanzoni et al., 2004 and EIHag and Zaitoon, 1996). Wu et al. (2010) reported 
the adult emergence of H. variegata fed on A. gossypii, reared on five host 
plants, to vary from 87.23 to 100.00 %. The overall pre-adult survival was 
found to vary from 44.06 to 58.97 % depending on the host plant of prey. 
Lanzoni et al. (2004) reported the immature survival of H. variegata reared on 
M. persicae as 49.1 % while EIHag and Zaitoon (1996) reported 61.8% 
immature survival of H. variegata reared on B. brassicae. Omkar and 
Srivastava (2003) reported that 73.47 % of immature survived when C. 
septempunctata were fed on L. erysimi. Comparatively lower percentage of 
immature survival was noted for larvae fed on A. craccivora (64.24 %). 
5.2.3 Pupal period 
The pupal periods of both the predators increased significantly as A. 
craccivora was used as prey as compared to L erysimi and B. brassicae. The 
effect of varying prey species on pupal period is known for many other 
coccinellid predators, A. bipunctata (Jalali et al., 2008), C. sexmaculata 
(Omkar and Bind, 2004), and P. dissecta (Pervez and Omkar, 2004) to 
mention a few. The pupal period of C. septempunctata varied from 3.0 to 3.9 
days under different prey species conditions Omkar and Srivastava (2003) 
reported the pupal period to last for 2.81 days for C. septumpunctata fed on L. 
erysimi and 3.16 days for those fed on A. craccivora. The pupal perioc of H. 
variegata varied from 4.20 to 5.80 days under different prey species 
conditions. The values are in close proximity of earlier reported values like 
those of EIHag and Zaitoon (1996); Lanzoni et al. (2004); Wang et al. (2004); 
Rebolledo et al. (2007) and Jafari (2011). 
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5.2.4 Adult longevity 
The variation of prey species significantly affected the longevity of both nnale 
and female adults. In both cases, the females lived longer than the males. 
The C. septempunctata females lived for 71.0, 65.0 and 75.0 days when 
reared on B. brassicae, A. craccivora and L. erysimi, respectively. The H, 
variegata females lived for 54.0, 41.20 and 56.00 days, respectively when fed 
upon B. brassicae, A. craccivora and L. erysimi, respectively. Wu et al. (2010) 
reported longevity of 38.95 days for adult females of H. variegata reared on A 
gossypii; Jafari (2011) reported an average longevity of 55.5 days for adults of 
H. variegata reared on A. fabae while Rebolledo et al. (2007) reported a mean 
longevity of 55.09 days for adult females of H. variegata. Omkar ans 
Srivastava (2003) reported a mean longevity of 85.70 and 76.60 days for C. 
sptempunctata females fed on L. erysimi and A. craccivora, respectively. 
Kalushkov and Hodek (2004) reported a mean longevity of 68 days for C. 
septempunctata females fed on A. craccivora. 
The adult males of C. septempunctata were found to live for 67.0, 58 0 and 
75.0 days, respectively when reared on B. brassicae, A. craccivora and L. 
erysimi. while the adult males of H. variegata lived for 50.0, 41.0 and 51.0 
days, respectively on the three prey species used in the present study. 
Rebolledo et al. (2007) reported a mean longevity of 51.45 days for adult 
males of H. variergata while as Wu et al. (2010) reported the male longevity 
as 36.21 days. EIHag and Zatoon (1996) reported a mean adult longevity of 
71.8 days for H. variegata. Elhabi et al. (2000) found that the longevity of male 
and female adults was 44.0 and 61.0 days for H. variegata. Omkar ans 
Srivastava (2003) reported a mean longevity of 81.10 and 68.20 days o^r C. 
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sptempunctata females fed on L. erysimi and A. craccivora, respectively. 
Kalushkov and Hodek (2004) reported a mean longevity of 64 days for C. 
septempunctata females fed on A. craccivora. 
The adult females of both the predators lived longer when fed upon the more 
suitable prey (L. erysimi and B. brassicae). It is because of the elongated 
oviposition period, as reported for many ladybeetles other than C 
septempuncata (Kalushkov and Hodek, 2004) like A. bipunctata (Jalali et a!.. 
2009); P. dissecta (Pervez and Omakar, 2004) and others. 
5.2.4 Oviposition period 
The reproductive period (oviposition period) of adult females were found to be 
dependent on prey species. The longest reproductive periods with snortest 
non-reproductive periods were noted for females fed upon L. erysimi and B. 
brassicae as compared to those fed upon A. craccivora. It confirms the 
relatively more suitable nature of L erysimi and B. brassicae as the prey for 
both C. sptempunctata and /-/. variegata. 
Omkar and Srivastava (2003) reported that increased quantity of high quality 
food decreased the length of pre-oviposition period. The decreased 
consumption of less suitable foods, by affecting the pre-adult development, 
probably results in slower sexual maturation and longer pre-oviposition 
periods (Kauwachi, 1981). High consumption of suitable prey supports early 
ovariole maturation and provides energy and nutriment to sustain a longer 
oviposition period and vice versa for less suitable or unsuitable food (Honek, 
1980). The females with long reproductive periods result in higher 
reproductive output (fecundity). Several reports suggest a tradeoff between 
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adult longevity and fecundity (Dixon, 1999). Hence the females with long 
oviposition periods have relatively shorter post-oviposition periods. 
The oviposition period was noted as 52.0, 46.0 and 56.10 days on B. 
brassicae, A. craccivora and L erysimi, respectively for C. sptempunctata 
females. For H. variegata females, oviposition period was noted as42.0, 31.0 
and 41.0 days, respectively on B. brassicae, A. craccivora and L erysimi. Wu 
et al. (2010) reported the oviposition and post-oviposition period of 30.53 and 
6.18 days, respectively for H. variegata females reared on A. gossypii. 
Lanzoni et al. (2004) reported a mean oviposition period of 32.2 days on M 
persicae while as Jafari (2011) reported the period to vary from 37 to 48 days 
for /-/. variegata females reared on A. fabae. Omkar ans Srivastava (2003) 
reported a mean oviposition period of 69.80 and 50.70 days for C. 
septempunctata females fed on L erysimi and A. craccivora, respectively. 
Discrepancies in experimental methods including different rearing conditions 
may help to explain these variations. Furthermore, the geographical variability 
produces differences in various biological attributes of the coccinellid 
predators (Bobzhansky, 1933). 
5.2.5 Fecundity 
Reproductive output was appreciably higher for females fed on L. erysimi and 
B. brassicae (more suitable prey) and the fecundity drastically decreased on 
less suitablefood. Higher fecundity for females reared on more suitable and 
abundant aphid species has been reported to be due to increasec prey 
consumption leading to higher conversion of food to eggs (Baumgartner et al., 
1987; Rhamahalinghan, 1987; Pervez and Omkar. 2004). Kalushkoy and 
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Hodek (2004) reported that essential aphid foods affected adult weight at 
eclosion and hence fecundity of ladybeetles. 
C. septempunctata females laid 580, 460 and 640 eggs on the average when 
reared on B. brassicae, A. craccivora and L. erysimi, respectively. The 
females of H. variegata were found to lay an average of 580, 335 and 529.20 
eggs, respectively on B. brassicae, A. craccivora and L. erysimi, respectively. 
Lanzoni et al. (2004) reported a mean fecundity of 841.7 eggs for H. variegata 
females reared on M. persicae. Kontodimas and Stathas (2005) reported the 
fecundity as 276.3 eggs; Wu et al. (2010) reported the fecundity as 647.58 
eggs while Jafari (2011) reported a mean fecundity of 943.9 eggs for H, 
variegata females. Omkar ans Srivastava (2003) reported the fecundity as 
1764.10 and 1060.70 for C. sptempunctata females fed on L. erysimi and A. 
craccivora, respectively. Kalushkov and Hodek (2004) reported the fecundity 
as 683.0 for C. septempunctata females fed on A. craccivora. The variation in 
reported figures of fecundity may be due to variation in prey species used, 
variation in nutritional quality of prey or the rearing conditions (Kaluskov and 
Hodek, 2004). 
5.2.6 Incubation period 
Incubation period of the eggs laid by females that were fed on different prey 
species although varied, did not show significant variation. The eggs of the 
parents that were fed on L erysimi and B. brassicae hatched eanier as 
compared to those fed on A. craccivora. The effect of parental diet on the 
embryogenesis has been reported by many workers like Pervez and Omkar 
(2004) for P. dissecta; Kaluskov and Hodek (2004) for C. septumpunctata and 
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Jalali et al. (2009) for A. bipunctata, to mention a few. The incubation period 
of H. variegata eggs has been reported to last for 3.35 days (Jafari, 2011); 2.6 
days (Lanzoni et al., 2004); 2.42 days (Wu et al., 2010) and 2.8 days (ElHag 
and Zaitoon, 1996) under different rearing conditions on different preys. The 
variation in the presented findings may be due to factors such as prey 
species, host plant of prey, rearing conditions etc. that are reported to affect 
the various biological parameters (Lanzoni et al., 2004). Besides, 
geographical variations in the predator-prey system may also be important 
(Bobzhansky, 1933). 
5.2.7 Hatchability 
Hatchability of eggs was found to be strongly dependent on the feeding 
history of the parents as per cent hatchability varied significantly with prey 
species. Again, egg hatchability was significantly higher on the aphid prey L 
erysimi and B. brassicae as compared to A. craccivora.. Simmons (1988) 
reported high consumption of suitable prey to increase the weight of eggs, 
which contained a large quantity of yolk and consequently increased egg 
viability. 
The hatching percentage noted for C. septumpunctata 85.0, 78.0 and 90.0 % 
on 6. brassicae, A. craccivora and L. erysimi, respectively. For H. variegata 
eggs, the corresponding figures were noted as 84.0, 71.0 and 85.0 %, 
respectively. Wu et al. (2010) reported the hatchability as 85.9 % for the eggs 
of H. variegata reared on A. gossypii. Jafari (2010) reported that 82.86 % of 
eggs hatched while Elhabi et al. (2000) reported mean hatchability of ^g %. 
Lanzoni et al. (2004) reported that 70 % of the laid eggs hatched successfully. 
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Omkar ans Srivastava (2003) reported the hatchability as 87.88 % and 
1^.1^% for C. sptempunctata females fed on L. erysimi and A. craccivora, 
respectively. The reports still confirm that egg hatchability is dependent on the 
prey used and rearing methodology adopted. 
5.3 Predation of ladybird beetles on aphids 
5.3.1 Prey consumption rates and nature of functional response 
A perusal of the data on prey consumption rates of various predatory stages 
of Hippodamia variegata and Coccinella septempunctata indicated that the 
adult females of both the predators consumed highest number of aphids, 
irrespective of the prey species, closely followed by the 4th instar larvae. The 
observation that adult females and 4*^  instar larvae consumed greatest 
proportion of prey over 24 hours, is consistent with the observations of many 
other workers on the same and other coccinellids like those of Farhadi et al. 
(2010) for H. variegata preying upon Aphis fabae; Khan (2009) for A. 
tetraspilota preying upon Brevicoryne brassicae; Khan (2010) for Harmonia 
euctiaris preying upon Aphis pomi; Lee and Kang (2004) for IHarmonia 
axyridis preying upon Aphis gossypii, to mention a few. As pointed out by 
Jervis e^ al (2006), final instar larva accounts for more than 75 % of total 
growth that occurs in predaceous coccinellids, cumulative increase in prey 
biomass consumed reaches its peak in 4**^  instar larvae for coccinellids. The 
higher prey consumption rates of adult females may be due to a higher 
nutrient requirement for special purposes such as egg production, or due to 
delayed satiation (Mills, 1982) or due to possible faster digestive rate of adult 
females (Pervez and Omkar, 2005). Bedddington et al. (1976) pointed out that 
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variation in prey consumption rates could be expected from the between-
instar differences that exist with respect to attacl< rate and handling time 
(parameters of functional response), and metabolic rate, which increases with 
development. 
Among the two coccinellid predators used in the study, the predatory stages 
of C. septempunctata consistently consumed more number of prey individuals 
as compared to H. variegata. The elevated prey consumption curves for C. 
septempunctata over that of H. variegata indicated a possible delayed 
satiation and/or a possible faster digestive rate in case of the former. Pervez 
and Omkar (2005) speculated that the elevated functional response curve of 
Cheilomenes sexmaculata over Coccinella transversalis may be a result of 
such differences. Isikber (2004) found that large sized aphidophagous 
predators consumed comparatively more aphids than small sized species. 
The variation in prey consumption rates of a predator on various prey species 
is attributed to various factors such as prey mobility (Dixon, 2000), nutritional 
status (Thompson, 1999), suitability of the prey for the growth and 
reproduction of the predator (Hodek and Honek, 1996), prey size (Isikber, 
2004), effect of host plant of prey (Wu et al., 2010), etc. As A. craccivora was 
reared on a legume host, it is expected to possess a higher percentage of 
protein nitrogen which could possibly make it a comparatively more preferred 
prey (Atwal and Sethi, 1963). Some or all the mentioned factors could 
probably account for observed variation in prey consumption rates of C. 
septemtempunctata and H. variegata. 
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The current study revealed the estimates of maximum number of aphids 
attacked per day as 32.4 for adult females of C. septemtempunctata when A. 
craccivora was used as prey. Rest of the predatory stages of both the 
predator species consumed lower numbers of prey individuals in the 
speculated period of time on any of the three aphid prey species used The 
results are consistent with those of Khan and Mir (2008) who reported the 
maximum prey consumption in the range of 15-30 aphids per day for adult 
females of coccinellid species A. tetraspilota, Coccinella septumpunctata, 
Calvia punctata and H. variegata preying upon B. brassicae, and Khan (2010) 
with all predaceous stages of Harmonia eucharis preying upon A. pomi. 
However, all these estimates are considerably lower than those reported by 
other workers from other parts of the world working with same coccinellid 
species. Jafari et al (2010) reported maximum consumption by 4'^ ^ instar 
larvae of H. variegata as 52.78 preying upon A. fabae. Saleh et al. (2010) 
reported a maximum consumption of 147.06 aphids per day for the adult 
females of H. variegata upon Brcahycaudus helichrysi. Jafari and Goldasteh 
(2009) reported the estimate of maximum prey consumption for H. variegata 
as 135.29 preying upon A. fabae. Similar results were found for Adalia 
bipunctata preying upon various aphid species (Omkar and Pervez, 2005). 
Other than the effects of prey species in terms of its nutritional status and 
possible tritrophic interactions of prey host plant on the predator, another very 
important factor that may be responsible for the variation In various biological 
and predation parameters is the geographical variation in the populations of 
the coccinellid predators (Kontodimas and Stathas, 2005). As suggested by 
Dobzhansky (1933), the geographical variability produces differences in the 
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populations of coccinellid predators with respect to various biological and 
ecological parameters. 
The graphical analysis of per cent prey consumption revealed that a type II 
asymptotic curve described the data well. Out of the three types of functional 
responses identified by Holling (1959), only type III produces density 
dependent mortality that is thought to regulate target populations. The only 
possibility of exhibiting type III functional response in the present study is the 
concentration of predator hunting in high-density patches (Farhadi et al., 
2010). The mechanism may have operated in the current study, however no 
evidence of type III functional response was found for the predator-prey 
complexes under study. The other mechanisms of type III response i.e. 
switching behaviour and predator learning could not have operated as the 
experiments were short term and single prey based. 
5.3.2 Parameters of functional response 
The coefficient of attack rate (a) and handling time (7/,) were the parameters 
used to find out the magnitude of the functional responses exhibited by the 
predatory stages of H. variegata and C. septemtempunctata on the three 
prey species, namely A. craccivora, L. erysimi and 6. brassicae. Their values 
differed for various growth stages of each predator and for the three prey 
species tested. So did the parameter values for the two predators. It indicates 
that various predatory stages of a predator have different abilities to respond 
to increasing prey densities, so do the various predators for a particular prey 
species and a particular predator towards various prey species. These results 
are in conformation with those of Pervez and Omkar (2005) who investigated 
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the functional responses of Cheilomenes sexmacvulta (F.), Propylea dissecta 
(M.) and Cocccinella transversalis F. adults on Myzus persicae (Sulzer) and 
Aphis craccivora. The differences in the parametric values might be due to 
variation in size, voracity, satiation time, digestion ability, walking speed, etc. 
(Mills, 1982; Pervezand Omkar. 2005). 
In general, attack rate coefficients obtained in the various treatments don't 
differ as much as those of the handling time. This observation is consistent 
with that of Atthan et al. (2010) and Pervez and Omkar (2005). The handling 
time is a good indicator of consumption rate and effectiveness of a predator 
because it reflects the cumulative effect of time taken during capturing, killing, 
subduing and digesting the prey (Veervel and Baskaran, 1997). The lowest 
handling times were regularly noted for adult females and 4*^  instar larvae and 
of both the predators. Among the three prey species, lowest handling time 
was exhibited by the adult females C. septemtempunctata on A. craccivora 
followed by B. brassicae and L erysimi.. The lowest handling time figures 
were noted for adult females or 4'*^  instar larvae of H. variegata too, following 
similar order. Clearly, C. septemtempunctata adult females are better 
predators at devouring A. craccivora nymphs. 
The practical implication of these studies is that adult females and 4"^  instar 
larvae are the stages that are most effective as predators. It may be 
suggested that mass release of the predators in question may be most 
effective if releases are done primarily as last stage individuals (4*^  instars and 
adult females). Such releases would facilitate rapid killing of prey immediately 
after release. The sex ratio of mass produced ladybeetles if made to "'avour 
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female individuals may be advantageous for biological control as adult 
females and 4**^  instar larvae are better in devouring of aphid prey. 
Among the two predator species, C. septemtempunctata is bette*" as a 
bioagent as per the laboratory studies and among the prey species tested, the 
predators may respond best to the patches of A. craccivora. However, the 
prey consumption rates are comparatively lower besides the uncontrolled and 
highly variable field conditions could radically change functional response of 
the predators (Farhadi et al., 2010). Other factors such as intrinsic growth 
rates, host patchiness, predation and competition, host traits, etc. also have a 
major influence on the efficiency of predator in managing prey population. 
Hence, functional response although an important tool, cannot alone be 
attributed to success and failure in biocontrol programs. However, the 
laboratory data provide information as to how these predators will respond to 
increasing prey density under simplified experimental conditions. For 
conclusive estimation of their biocontrol potential, further field based studies 
are needed. 
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Summary and Conclusion 
The field sampling of coccineilids in cruciferous and leguminous crop 
ecosystems at three locations of Kashmir revealed the presence of 8 species 
of predaceous coccineilids. The crucuferous crops supported more number of 
ladybeetle species as compared to leguminous crops and more adult 
individuals were recovered from the former. Less intensively cultivated crops 
like knolkhol and mustard were found to be comparatively rich in ladybeetle 
diversity. The extra crop field vegetation, botanical diversity within the crop 
fields and extant of weeding and pruning probably affected the ladybeetle 
assemblages significantly. Extra-crop vegetation and higher botanical 
diversity within the crop ecosystems were found to be associated with rich 
species diversity while the clean cultivation practices were probably 
detrimental to biodiversity. Adalia teraspilota, Hippodamia variegata 
Coccinella septempunctata turned out to be the predominant ladybeetle 
species in all the crops studied. 
The studies on the biology of Coccinella septempunctata and Hippodamia 
variegata revealed that Lipaphis erysimi and Brevicoryne brassicae were 
more suitable preys for the two predators as compared to Apiiis craccivora. I-I. 
variegata larvae completed the larval period in 15.70 days when A. craccivora 
was used as prey, while it was 11.60 and 11.70 days on B. brassicae and 
L.erysimi, respectively. For C. septempunctata, the corresponding figures 
were noted as 12.80, 12.20 and 9.20 on B. brassicae, A. craccivora and L. 
erysimi, respectively. Appreciable variation in survivorship of larvae was noted 
by varying the prey species. The pupal period was noted as 4.3, 5.8 and 4.2 
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days when B. brassicae, A. craccivora and L erysimi were used as prey, 
respectively for H. variegata. Similarly for C. septempunctata, pupal period 
was noted as 3.1, 3.9 and 3.0 days on the three prey species, respectively. 
Significant variation was noted in the oviposition period by varying the prey 
species for the females of both the predators. Longest oviposition period was 
noted for females fed on L. erysimi. Adult longevity of both H. variegata and 
C. septempunctata male and female individuals was found to be prey species 
dependent. Shortest longevity of adults was noted on A. craccivora while it 
was higher on B. barssicae and L. erysimi. Reproductive output was 
appreciably higher for females fed on B. brassicae (580.0 eggs per female) as 
compared to L. erysimi (529.20 eggs per female) and lowest on A. craccivora 
(335.0 eggs per female) for H. variegata. For C. septempunctata, fecundity of 
females was significantly lower on A. craccivora (460.00 eggs per female) and 
highest on L erysimi (640.00 eggs per female) followed by those fed on 6. 
brassicae (580.00 eggs per female). Hatchability of eggs was found to be 
strongly dependent on the feeding history of the parents as per cent 
hatchability varied significantly with prey species. For H. variegata, 
hatchability (%) varied from 71.00 % to 85.00%. The maximum hatchability 
was noted for the eggs laid by females fed upon L. erysimi (85.00 %) followed 
by those on B. brassicae (84.00 %) and lowest for eggs of females fed on A. 
craccivora (71.00 %). For C. septempunctata, hatchability (%) was found to 
vary from 78.00 to 90.00 %. The lowest hatchability was noted for the eggs 
laid by females fed upon A. craccivora (78.00 %) and highest on the eggs laid 
by the females fed upon L erysimi (90.00 %). The incubation period of the 
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eggs of H. variegata and C. septempunctata did not vary significantly with 
different prey species. 
Studies on functional response of various predatory stages of C. 
septempunctata and H. variegata on three different prey species Aphis 
craccivora, L. erysimi and Brevicoryne brassicae using different prey densities 
revealed that with increase in prey density the predation rates increased and 
the response curves rose curvilinearly reaching a plateau, characteristic of 
type II functional response. Thus, the various growth stages of the two 
predators on various prey species used exhibited type II response. 
The adult females of both the predators consumed highest number of aphids, 
irrespective of the species, closely followed by the 4* instar larvae. Among 
the two coccinellid predators used in the study, the predatory stages of C. 
septempunctata consistently consumed more number of prey individuals as 
compared to H. variegata. The current study revealed the estimates of 
maximum number of aphids attacked per day as 32.4 for adult females of C. 
septempunctata when A. craccivora was used as prey. Rest of the predatory 
stages of both the predator species consumed lower numbers of prey 
individuals in the speculated period of time on any of the three aphid prey 
species used. However, all these estimates are considerably lower than 
those reported by other workers from other parts of the world working with 
same coccinellid species. The coefficient of attack rate (a) and handling time 
{Th) were the parameters used to find out the magnitude of the functional 
responses exhibited by the predatory stages of C. septempunctata and H. 
variegata on the three prey species using the modified Holling's Disk 
equation. Their values differed for various growth stages of each predator 
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and for the three prey species tested. So did the parameter values for the two 
predators. It indicates that various predatory stages of a predator have 
different abilities to respond to increasing prey densities, so do the various 
predators for a particular prey species and a particular predator towards 
various prey species. The lowest handling times were regularly noted for 
adult females and 4**^  instar larvae of both the predators. Among the three 
prey species, lowest handling time was exhibited by the adult females C. 
septemtempunctata on A. craccivora followed by B. brassicae and L. erysimi.. 
The lowest handling time figures were noted for adult females or 4"^  instar 
larvae of H. variegata too, following similar order. Clearly, C. 
septemtempunctata adult females are better predators at devouring A. 
craccivora nymphs. Among the two predator species, C. septempunctata is 
better as a bioagent as per the laboratory studies and among the prey species 
tested, the predators may respond best to the patches of A. craccivora 
Based on the findings of the present study, the following conclusions are 
drawn: 
• The cruciferous and leguminous crop ecosystems support 8 species of 
predaceous coccinellids, both. 
• The cruciferous crops supported higher coccnellid populations as 
compared to leguminous crops. 
• Adalia tetraspilota, Hippodamia variegata and Coccinella 
septempunctata are predominant species of predaceous coccinellids In 
cruciferous and leguminous crop ecosystems ecosystems of Kashmir. 
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• Polulation of coccnellids tends to rise towards May to June and then 
declines. 
• All the three prey species viz., L. erysimi, Brevicoryne brassicae and A. 
craccivora are essential preys for C. septempunctata and H. variegata, 
the first two more suitable. 
• Prey species has significant effect on the biological parameters of the 
aphidophagous coccinellid predators. 
• All the predatory stages of the two predators exhibit type II functional 
response to various densities of L. erysimi, B. brassicae and A. 
craccivora. 
• The adult females and 4**^  instar larvae exhibit the maximum predation 
rates. 
• The predatory stages of C. septempunctata perform better than those 
of H. variegata. 
* Adult females and fourth instar larvae of C. septempunctata are best at 
devouring A. craccivora patches. 
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